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Abstract: Background: Music-based intervention has been used as first-line non-pharmacological
treatment to improve cognitive function for people with mild cognitive impairment (MCI) or de-
mentia in clinical practice. However, evidence regarding the effect of music-based intervention
on general cognitive function as well as subdomains of cognitive functions in these individuals is
scarce. Objective: To evaluate the efficacy of music-based interventions on a wide range of cogni-
tive functions in people with MCI or dementia. Method: We searched the effect of various music
therapies using randomized controlled trials on cognitive function using several databases. Studies
based on any type of dementia or MCI were combined. The effects of music-based intervention
on each cognitive function were pooled by meta-analysis. Results: A total of 19 studies involving
n = 1024 participants (mean age ranged from 60 to 87 years old) were included. We found statistically
significant improvements in MMSE (general cognitive function), the Frontal Assessment Battery
(executive function), and the Auditory Verbal Learning Test (episodic memory). Conclusions: This
study provides positive evidence to support music-based interventions for improving a wide range
of cognitive functions in older adults with MCI and dementia. Therefore, we recommend increased
use of music in people’s homes, day care centers and nursing homes. This study was registered with
PROSPERO, number 250383.

Keywords: music intervention; music therapy; dementia; MCI; nonpharmacological therapy; cognitive

functions

1. Introduction

The number of people with dementia and mild cognitive impairment (MCI) has
rapidly increased in recent decades and related challenges have become a global burden [1].
Dementia and MCI are characterized by irreversible impairment of cognitive function,
behavioral and psychological symptoms of dementia, and decrease in the activities of daily
living (ADL) [2]. Decreased cognitive function is one of the main reasons why the lives of
people with dementia become difficult [3]. In people with dementia and MCI, cognitive
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decline also negatively affects quality of life (QoL), ADL functioning, and communication
with relatives and healthcare professionals [4]. Therefore, it is important for cognitive
function to be improved in the daily lives of people with dementia and MCIL.

Pharmacological and non-pharmacological intervention are two approaches for im-
proving cognitive function. The latest pharmacological approaches indicate the beneficial
effects of acetylcholinesterase inhibitors and memantine in people with Alzheimer’s dis-
ease [5]. However, the costs and risks associated with utilizing pharmacological therapy
have been an issue [5]. Additionally, antidepressants, sedatives, and anti-dementia drugs
are commonly used as add-on therapies, but have shown negative impacts on QoL [6].
Due to fewer risks and adverse effects, a non-pharmacological approach using cognitive
activities, physical exercise, and art and play therapies has been suggested as a first line
treatment strategy for the neuropsychiatric symptoms of dementia [6]. Previous studies
have shown that these intervention programs lead to improvements in cognitive function
in people with dementia and MCI [7,8]. Thus, non-pharmacological approaches have
attracted the attention of aging researchers and caregivers.

Musical skill is a preserved skill in people with dementia [9,10]. Consequently,
music-based intervention is a major strategy of the non-pharmacological intervention ap-
proach [11]. Music-based intervention is defined as any intervention using “music” (music
as a cultural product usually involving some combination of melody, thythm and harmony
cognitively processed by the human brain) to study the therapeutic effect [11]. “Music” is
then differentiated from single pitch sound and sound (or aspects of music) transduced into
vibrotactile sensation of neuromodulatory and physiological effects [12,13]. The review in
this paper focuses exclusively on music-based interventions which were mainly categorized
into music therapy by a trained music therapist and music medicine by healthcare or music
professionals [11,14]. At the beginning, music therapy was defined as “an intentional use of
properties and the potential of music and its impact on the human being” [15]. Recently, the
American Music Therapy Association has narrowed this definition to: “Music Therapy is the
clinical and evidence-based use of music interventions to accomplish individualized goals
within a therapeutic relationship by a credentialed professional who has completed an ap-
proved music therapy program”(https:/ /www.musictherapy.org/about/musictherapy/,
access date: 4 July 2022). It suggests that music therapy involves therapeutic relationships
between participants and music therapists. On the other hand, music medicine does not
need these relationships.

Music has been widely used in clinical practice throughout history [16]. However, the
results of studies on the effectiveness of music-based intervention lack consistency. Some
meta analyses focusing on global cognitive function showed that music-based intervention
had small to moderate effects on maintaining or improving cognitive function [17,18].
Other meta-analyses showed inconsistent results in that music-based intervention was
found to have no effect on impairment [19]. Due to the small number of studies included
in the previous meta-analyses and these inconsistent results [18-20], it is difficult to con-
clude whether music-based intervention would have positive effects on cognition in aging
populations or not. It still needs to be investigated whether music-based intervention has
the potential to improve cognitive function in people with dementia and MCIL

Previous meta-analysis studies mainly focused on the benefits of music-based interven-
tion for general cognitive function measured by the Mini Mental State Examination (MMSE).
However, prior evidence suggests that cognitive function has multiple subdomains [21].
In addition, each individual with dementia shows deterioration of cognitive function in
a different way. In terms of the subdomains of cognitive function, some show specific
deterioration of memory while others show decline in executive function [21]. Therefore, it
is essential to investigate whether music-based intervention would have positive effects on
each cognitive function subdomain. In this study, we performed a systematic review and
meta-analysis to evaluate the effectiveness of music-based intervention on each subdomain
of cognitive function in people with dementia and MCI.
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2. Materials and Methods

Analysis methods and eligibility criteria were specified in advance and documented
in a protocol registered on PROSPERO (International Prospective Register of Systematic
Reviews; Record ID = 250383). This systematic review and meta-analysis were conducted
in accordance with the PRISMA check-list [22]. Please see Supplementary Materials (Sup-
plemental Table S1).

2.1. Eligibility Criteria

Trials were considered for inclusion in this review if the criteria set out below were met.

Participants: Men and women aged 60+ with a clinical diagnosis of cognitive im-
pairment or dementia. Intervention: Any music-based intervention or community music
activity including listening to music, singing, playing an instrument, and music with move-
ment or exercise. The design of the trial must have been such that the independent effects
of either exercise, cognitive, or dual-task training on cognition could be analyzed. We
delimited our review to exclude interventions focusing on music or sound as vibrotactile
stimulation, single frequency sound, or sound for its vibratory effect. Comparison: Any
concurrent control group was eligible, including no intervention/usual care, meditation,
pharmacological intervention, exercise intervention, late intervention, and painting or other
art related activities. Outcome: Any validated cognitive tests reported at the baseline and
follow up after exposure to any type of music-based intervention. Study design: Ran-
domized controlled trials that allocated individuals to either an intervention or concurrent
control group.

2.2. Search Strategy

We searched scientific articles which were published between January 2000 and April
2021. The following electronic databases were used to search for completed trials: PubMed,
CINAHL, PsycINFO, and Google Scholar. For the PubMed search, we checked the “ran-
domized controlled trial” box. For the other searches, we added “randomized controlled
trial” as a key word in addition to certain other keywords. For the cognitive function
domain, keywords included (“music” OR “sing” OR “song” OR “listen”) AND (“dementia”
OR “elderly” OR “Alzheimer’s” OR “cognitive impairment”) AND (“cognitive function”
OR “cognition” OR “memory” OR “attention” OR “executive function” OR “processing
speed”). All key search terms were combined, where possible, with medical sub-headings
(MeSH) and indexed terms to identify potentially relevant studies. Trials on interactive
music intervention and listening to music were manually identified from the title and
abstract previews of all search records.

2.3. Inclusion and Exclusion Criteria

Based on the previous studies [23-26], we set the inclusion and exclusion criteria.
Randomized controlled trials were included if they met the following inclusion criteria:
(1) participants with clinical diagnosis of dementia or cognitive impairment. We also
included persons with Alzheimer’s disease, Parkinson’s disease, and mixed dementia;
(2) studies that investigated the treatment effect of any type of music-based intervention;
(3) studies that reported at least one of the following outcomes: general cognitive function,
episodic memory, working memory, attention, processing speed, and executive function;
(4) studies that measured the scores of the clinical assessment scales from baseline to
endpoint or follow up among the intervention and control groups. Studies were excluded
if the study design was not a randomized controlled trial, they compared participants with
dementia/MCI and healthy individuals or only included healthy adults, or there were
insufficient details from which the study outcomes could be derived.

2.4. Study Outcomes

Based on the previous studies [25,26], cognitive function was categorized into seven
different cognitive domains: general cognitive function, episodic memory, working memory,
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short-term memory, attention, processing speed, and executive function. We used all
of the available clinical cognitive assessment scales in each domain from the included
studies as our primary outcomes. Examples of the primary outcomes of this study are the
change scores in MMSE [27], Severe Impairment Battery (SIB) [28], Montreal Cognitive
Assessment (MoCA) [29], Auditory Verbal Learning Test (AVLT) [30], The Word Memory
Test (WMT) [31], Trail Making Test A (TMT-A) [32], Digit Symbol Substitution (DSST) [33],
Verbal Fluency Test, Trail Making Test B (TMT-B) [32] and Frontal Assessment Battery
(FAB) [34]. The MMSE, SBI, and MoCA focused on general cognitive function; the AVLT
and WMT focused on episodic memory and shortterm memory, respectively; the TMT-A
and DSST focused on processing speed; and the Verbal Fluency Test, TMT-B, and FAB
focused on executive function.

Standard mean difference (SMD) with standard deviation (SD) or 95% confidence
interval (CI) was used to evaluate the changes in assessment scores between the music-
based intervention and control groups. For the TMT-A and TMT-B, since a longer time
indicated a lower cognitive function [32], we reversed the score for analysis. A higher score
for the MMSE, SBI, MoCA, AVLT, WMT, DSST, FAB, TMT-A, and TMT-B indicated better
cognitive function.

2.5. Data Extraction

Two investigators (E.I. and R.N.) independently assessed the relevance of the search
results and abstracted the demographic details of individual trials into a data extraction
Excel form, including year of publication, study location, number of participants included,
mean age, number and percentage of female participants, stages of dementia, recruitment
site, type of music-based intervention, control group intervention, treatment period and
duration, and all clinical assessment scales.

2.6. Risk of Bias Assessment

E.I and R.N. independently assessed the quality of each study according to the
methodology section of the Consolidated Standards of Reporting Trials (CONSORT) state-
ment [35]. A 14-point scale was designed for the evaluation of study quality including
(1) random allocation, (2) treatment allocation concealed, (3) groups/subjects similar at
baseline regarding important prognostic values, (4) eligibility criteria specified, (5) blinded
outcome assessor, (6) blinded care provider, (7) blinded patients/people, (8) point estimates
and measures of variability presented for the primary outcome measures, (9) intention-
to-treat analysis, (10) details of random allocation methods, (11) adequate description of
the control/comparison group, (12) between-group statistical comparison, (13) reporting
dropouts, and (14) reporting CONSORT statement.

The potential risk of bias [36] for included trials was checked using the Cochrane Risk
of Bias assessment tool with the following domains: (1) random sequence generation of
intervention and control groups, (2) the method of concealment of allocation, (3) blinding
of participants and personnel, (4) blinding of outcome assessment, (5) the completeness of
outcome data, and (6) selective outcome reporting.

2.7. Data Synthesis and Statistical Analysis

Standard mean difference (SMD) and standard deviation (SD) or 95% confidence
interval (CI) were used to evaluate the range of scores on the assessment scales between
the music-based intervention and control groups. Cognitive outcomes were grouped based
on the cognitive domain measured (e.g., general cognitive function, episodic memory,
working memory, short-term memory, attention, processing speed, and executive function).
In addition, we separately conducted meta-analyses on whether each cognitive domain
included more than one study with MCI or dementia and music-based intervention by
music therapist or not.

Changes from baseline values were used to conduct meta-analyses as they allowed
for the comparison of more trials. When only pre- and post-data were presented, changes
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from baseline scores were calculated by deducting the baseline score from the follow-up
score. Standard error (SE) scores were converted to standard deviation (SD) scores using
the following equation [37]:

SD =SE x /N

Changes from baseline standard deviation (SD) were calculated using the following
correlation coefficient equation:

SDE/ change = \/SDZE/baseline + SDZE/ final — (2 x 0.5 x SDE/baseline X SDE/ final)

All meta-analyses were performed to combine the effect sizes using meta packages in
R [38]. If a study reported multiple change scores of cognitive tests in the same cognitive
domain, then we used multilevel meta-analysis using metafor package in R [39]. Statistical
heterogeneity among the trials was assessed, and a p value of <0.05 was regarded as statis-
tically significant. A higher score reflecting better cognitive function was represented by a
positive effect estimate. A lower score reflecting poorer task performance was represented
by a negative effect estimate. A random-effects model was chosen due to the expected
heterogeneity between trial protocols. Heterogeneity was measured using Higgins I statis-
tic [40] and an I? threshold of >40% was set to detect heterogeneity. Forest plots were used
to graphically present the combined results.

3. Results
3.1. Literature Search and Study Selection

A total of 522 abstracts were identified from the databases and an additional 52
potential studies were further extracted from the bibliographies of review articles. All 574
titles and abstracts were screened and the full texts of 194 studies were further evaluated
for relevance. A total of 44 studies about cognitive function were excluded for the following
reasons: 33 had irrelevant intervention or study groups, nine did not specify what would
be required for there to be adequate data for analysis (such as a lack of standard deviation),
and two compared participants with dementia and healthy controls or included only
healthy adults. The definitive analysis included 19 trials for cognitive function involving
participants with dementia all over the world, published between 2000 and 2021. The study
selection process is presented in the PRISMA flow chart (Figure 1).

3.2. Characteristics of Included Studies

The 19 eligible trials were comprised of n = 1024 participants with a clinical diagnosis
of MCI and any stage of dementia. Included RCTs were conducted in Asia (eight studies;
Japan, Korea, China, and Singapore), Europe (eight studies; Italy, France, Sweden, and
Belgium), and US (three studies). The sample sizes ranged from 26 to 298 (11 studies in-
cluding 10-50 people; 5 studies including 51-100 people, 1 study including 101-200 people,
and 2 studies including 201-300 people), the mean age ranged from 60.0 to 87.1 years, and
the percentage of females ranged from 50.0% to 100% (Table 1). Regarding the severity
of dementia, three studies claimed that they recruited participants with MCI [41-43], six
studies claimed that they recruited participants with mild-to-moderate dementia [44-49],
two included participants with severe dementia [50,51], and eight included participants
with dementia of any severity level [45,52-59].

Regarding the type of therapy investigated, four studies investigated singing
therapy [42,46,50,53], eight studies investigated music listening therapy [41,45,47,48,50,52,56,58],
three studies investigated playing instruments [47,51,53], and five studies investigated mu-
sic with movement therapy [43,44,53,54,59]. In five studies, the certificated music therapist
provided the music sessions [44,49,52,55,60].

A total of 13 studies included comparisons with a usual care group [41-43,45,48-52,55-57,59]
and nine studies included comparisons with an active control group [41,44-47,50,53,54,58].
The active control intervention included various therapies such as meditation [52], other
art related therapies [42,45-47,50], or exercise [41,43], and in the blank control group, the
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participants received the usual care [41-43,45,48-52,55-57,59]. Regarding the intervention
durations of the included studies, the average intervention period was 14.2 (SD = 7.5)

weeks, and the average time was 51.5 (SD = 28.0) minutes (Table 1).

Identification of studies via databases and registers

ldentification

Records identified from:
pubmed (n = 550)
CIMNAHL (n=52)
psycholNFO (n = 152)
Google scholar (n = 274)

Records identified from:
reference list (n = 52)

-l
-

J

¥

Screening

Included

Records screened
(n=574)

v

Reports sought for retrieval
(n=194)

v

Reports assessed for eligibility

(n=63)

Studies included in review
(n=19)
Reports of included studies

Figure 1. PRISMA flow chart.

L J

- Duplicate recaords remaoved
(n = 506)

Records excluded based on fitle
and abstract
(n=3380)

Reparts not retrieved
(n = 131)

Reports excluded

- irrelevant intervenrtion (n=33)

= healthy or persons with no mild
cognitive impairment or dementia
(n=2)

- study protocol (n=3)

= autcome data not reported
(n=6)
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Table 1. Characteristics of included randomized controlled trials.

Time for

tudy an ecruitment 0.0 ean everity o e of Music-Base ntervention ntervention tu ualit;
Study and C R i No. of M S ity of Type of Music-Based I i I i Study Quality
ountry . .. Female . . Control Type N Each
Year Site Participants Age Dementia Intervention Period Frequency I . Outcomes Score
ntervention
Ceccato L
ta . 4% on-specific ) ontro. weeks wice a wee! min
2012 Ttaly Support 51 863 40 (78.4%) Non-specific 1AM (music with movement, Control 12 week Twi K 40 mi MMSE 10
[55] center clapping hands)
Dementia
Yu-ling outpatient Mild to Musical dual task (sing or MMSE
2018 USA unit ata 28 773 14 (50%) play instrument while Control 8 weeks Once a week 60 min ’ 12
. moderate . TMT-A
[49] medical walking)
center
MMSE,
National TMT-A,
Doi 2017 center for o . . . TMT-B,
[41] Japan geriatrics and 201 76 104 (51.7%) MCI Play instrument (percussion) Dance, control 40 weeks Once a week 60 min Story and 11
gerontology word
memory
Don Mei Li Long term 3 times a
2016 China % i 40 82.4 28 (70%) Non-specific Folk recreation (singing) Control 16 weeks K 40-50 min TMT-A 8
[56] care facility wee
. . Active control
Giovagnoli One nursing Mild to (cognitive
ta X 5% ay instrument .G weeks wice a wee min ,
2017 Italy 39 73.6 24 (61.5% d Play i 12 ki Twi k 45 mi TMT, DSST 9
[44] center moderate training, neu-
roeducation)
Giovagnoli Music (playing music) and
2018 Ttaly One center 45 732 31 (68.9%) Non-specific P t}:l,rui s Drugs only 24 weeks Twice a week 40 min SBI, MMSE 13
[52]
Innes 2017 . o - N . i . . TMT-A,
58] USA Community 60 60.6 56 (93.3%) Non-specific Listening to music Meditation 12 weeks Daily 12 min "l]":)l\/ég:rB, 12
InnF;Z]OlS USA Community 53 60 46 (86.8%) Non-specific Listening to music Meditation 12 weeks Daily 3045 min TFII\\/[/[F%%’ 11
Recollection based
Kim 2020 Korea Adult day 35 79.3 26 (74.3%) Mild AD occupational music-based Control 24 weeks 5 sessions a 60 min MMSE 9
[48] care center intervention (singing, week
listening)
Verbal
Lyu 2018 . Geriatric o Mild to L Lyric reading, Twice a day, . fluency,
[50] China hospital 298 69.7 173 (58.1%) severe AD Singing control 12 weeks twice a week 30—40 min, AVLT, 10
MMSE.
Mahendran Communit; Mild neu- Music reminiscence Art thera 65 min
2018 Singapore livi Y 68 71.1 38 (55.9%) rocognitive . . 124 12 weeks Once a week (including 15 AVLT 11
) iving . (listening) control .
[45] decline min break)
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Table 1. Cont.

Time for

Study and C Recruitment No. of Mean Severity of Type of Music-Based Intervention Intervention Study Quality
ountry . . . Female . . Control Type . Each
Year Site Participants Age Dementia Intervention Period Frequency I . Outcomes Score
ntervention
Miyazaki . .
2020a Japan Re51de.nff1-al 26 81.5 20 (76.9%) MCI Singing (karaoke) Active control 12 weeks Once a week 120 min MoCa, 12
[42] care facilities FAB
Miyazaki .
2020b Japan N}?szgg 46 87 40 (87.0%) Non-specific Play instrument (Drum) Control 12 weeks Twice a week 30 min Ng\ﬁ%E’ 9
[51]
Narme Nursin Alzheimer’s
2013 France h rsn 8 37 87.1 32 (86.5%) with mixed Play instrument (Percussion) Cooking 4 weeks Twice a week 60 min SBI 8
[53] ome dementia
Community
dwelling . . .
Pohl2020 g den  individuals 46 70 32 (69.6%) PD Training with music based Control 12 weeks Twice a week 60 min MoCa, 11
[59] di intervention PDQ39
iagnosed
with PD
Pongan . . Mild
2017 France U}i‘lve?S‘ty 59 79.5 39 (66.1%) Alzheimer’s Singing Painting 12 weeks Once a week 120 min TMT-A, 13
) ospital X FAB,
[46] disease
Nursing
; Moderate to . .
Raglio 2015y, home and 120 817 94 (78.3%) severe Active music therapy, Control 10 weeks Twice a week 30 min MMSE 11
[60] day care d . listening to music
ementia
centers
Community
dwelling
Shimizu individuals Active control
2018 Japan participating 45 74.6 38 (84.4%) MCI Music with movement (movement 12 weeks Once a week 60 min FAB 10
[43] in the without music)
dementia
care class
Van de .
. . Active control
Winckel . Public o i . . . . MMSE,
2002 Belgium hospital 25 81.7 25 (100%) Non-specific Exercise with music (one to one 12 weeks Once a day 30 min ADS 6 9
[54] conversation)
Total 1024

Note: MMSE scores: 0~11 severe dementia, 12~17 moderate dementia, 18~23 mild dementia, 23~30 no dementia.
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The included studies used a wide range of cognitive function measures and the
domains are shown in Table 2.

Table 2. Description of clinical assessment scale in different domains.

Outcome Test Number of Number of Studies Compared with  Number of Studies Compared with
Studies Control Group Active Control Group
General cognitive MMSE 8 5 3
function

MoCA 2 1 1
Episodic memory AVLT 2 2 2
Working memory 0 - -
Short-term memory 1 - -
Attention 0 - -
Processing speed TMT-A 6 2 6
DSST 1 0 1
Executive function Verbal fluency 2 2 2
TMT-B 4 0 4
FAB 5 2 3

3.3. General Cognitive Function

A total of 10 studies provided the results regarding general cognitive function

(Figure 2) [41,42,44,50,51,54-56,58,59]. Of those 10 studies, eight provided results for the
MMSE [41,44,50,51,54-56,58], two for the MoCA [42,59], and one for the SIB [52]. Meta-
analysis using all studies (Figure 2) revealed that music-based intervention had a positive
effect on general cognitive function (I? = 47.1%, SMD = 0.35, 95% CI 0.10 to 0.59). In
addition, meta-analysis on studies using only the MMSE as the outcome measure showed
a significant improvement in MMSE score (I? = 52.4%, SMD = 0.40, 95% CI 0.13 to 0.67).

A) All general cognitive function measures

Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ceccato 2012 000 340 27 067227 22 103% 0.22[-0.34;0.79] —TE—
Doi 2017 046 210 67 036 230 67 159% 0.37[0.03;0.71] e
Don Mei Li 2016 240500 19 085505 21 90% 063[0.00;127] ———
Giovagnoli 2018 077696 23 081624 22 99% 0.01[-0.58;0.59] :
Kim 2020 086 197 18 042161 17 82% 069[0.01;1.38] ;
Lyu 2018 011384 99 024 408 97 177% 0.03[-0.25;0.31]
Miyazaki 2020a 092130 13 000302 10 62% 040[-043;124] —T
Vande Winckel 2004 266 474 15 020 470 10 65% 050[-0.31;1.32] ———
Miyazaki 2020b 205398 27 -324487 19 89% 1.19[055;1.83] | ——
Pohl 2020 020222 26 080217 10 75% -0.27[-1.00;0.47] —
Total (95% CI) 334 295 100.0% 0.35[0.10; 0.59] -
Heterogeneity: Tau® = 0.0672; Chi® = 17.03, df = 9 (P = 0.05); I = 47% f T T !
2 -1 0 1 2
B) M M S E Caunrc rantral - Eauare Micic
Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ceccato 2012 000 340 27 067 227 22 120% 0.22[-0.34;0.79] —i—
Doi 2017 046 210 67 036 230 67 181% 0.37[0.03;0.71] e
Don Mei Li 2016 240500 19 085505 21 105% 0.63[0.00;1.27] i
Giovagnoli 2018 077696 23 -081624 22 116% 0.01[-0.58;0.59] t
Kim 2020 086 197 18 042161 17 96% 0.69[0.01;1.38] :
Lyu 2018 011384 99 -024 408 97 200% 0.03[-0.25;0.31]
Vande Winckel 2004 266 474 15 020 470 10 77% 050[-0.31;1.32] ——
Miyazaki 2020b 205398 27 -324 487 19 105% 1.19[0.55;1.83] —a—
Total (95% Cl) 295 275 100.0% 0.40[0.13; 0.67] -
Heterogeneity: Tau® = 0.0736; Chi® = 14.71, df = 7 (P = 0.04); I = 52% y ) ' !
-2 -1 0 1 2
C) MoCA Favors control Favors Music
Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Miyazaki 2020a 092 130 13 000 3.02 10 453% 0.40[-0.43;1.24] F
Pohl 2020 020222 26 080217 10 547% -0.27[-1.00;0.47]
Total (95% CI) 39 20 100.0% 0.04[-0.61; 0.69]

Heterogeneity: Tau” = 0.0625; Chi” = 1.39, df = 1 (P = 0.24); I = 28%

2 1 0 1 2

Favors control  Favors Music

Figure 2. Trial level data, effect estimates, and forest plot for all general cognitive functions” measures
(A), MMSE (B), and MoCA (C). The area of green square is proportional to the study’s weight in the
meta-analysis.
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Supplementary Meta-analyses (Figure 3) revealed that music-based intervention im-
proved general cognitive functions in people with MCI (I? = 0%, SMD = 0.37, 95% CI 0.06
to 0.69) and dementia (I2 =58%, SMD = 0.35, 95% CI 0.03 to 0.67). Moreover, music-based
intervention by non-music therapists showed significant improvements in general cognitive
functions (12 = 56.3%, SMD = 0.41, 95% CI 0.11 to 0.72).

A) Music-based intervention by music therapist

Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ceccato 2012 000 340 27 067227 22 517% 022[-034;079]
Giovagnoli 2018 -0.77 696 23 081624 22 483% 0.01[-058;059]

Total (95% Cl) 50 44 100.0%  0.12[-0.29; 0.52]

Heterogeneity: Tau® = 0; Chi° = 0.28, df = 1 (P = 0.60); I° = 0% ' ' !

2 e 0 1 2
Favors control Favors Music

B) Music-based intervention by non-music therapist

Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Doi 2017 046 210 67 -036 230 67 186% 0.37[0.03;0.71] ——
Don Mei Li 2016 240500 19 085505 21 117% 063[0.00;1.27] —
Kim 2020 086 197 18 -042 161 17 108% 069[0.01;1.38] —
Lyu 2018 011384 99 -024 408 97 201% 0.03[-0.25;0.31] —.—
Miyazaki 2020a 092130 13 000302 10 85% 040[-043;124] —T
Vande Winckel 2004 266 474 15 020470 10 88% 050[-0.31;1.32] —
Miyazaki 2020b 205398 27 -324 487 19 116% 1.19[055;1.83] —i—
Pohl 2020 020222 26 080217 10 100% -0.27[-1.00;0.47] —l——v
Total (95% CI) 284 251 100.0% 0.41[0.11;0.72] -

Heterogeneity: Tau® = 0.0968; Chi® = 16.01, df = 7 (P = 0.03); I = 56% ' I I '
2 -1 0 1 2
Favors control  Favors Music

C) people with MClI

Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Doi 2017 046 210 67 036230 67 856% 037[0.03;,0.71]
Miyazaki 2020a 092 130 13 000 3.02 10 144% 040[-043;1.24] B
Total (95% CI) 80 77 100.0% 0.37[0.06; 0.69] | | - I |

Heterogeneity: Tau” = 0; Chi° = 0.00, df = 1 (P = 0.95); I© = 0%
2 1 0 1 2
Favors control  Favors Music

D) people with dementia

Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ceccato 2012 0.00 340 27 -067 227 22 133% 022[-0.34,0.79] i
Don Mei Li 2016 240500 19 -085505 21 119% 063[0.00;1.27] ——
Giovagnoli 2018 07769 23 -081624 22 129% 0.01[-0.58;0.59] —
Kim 2020 086 197 18 -042 161 17 111% 069[0.01;1.38] —
Lyu 2018 011384 99 -024 408 97 194% 0.03[-0.25;0.31]
Vande Winckel 2004 266 474 15 020470 10 92% 050[-0.31;1.32] L
Miyazaki 2020b 205398 27 -324 487 19 119% 1.19[055;1.83] —i—
Pohl 2020 020222 26 080217 10 103% -027[-1.00;047] o
Total (95% CI) 254 218 100.0% 0.35[0.03; 0.67] [~

Heterogeneity: Tau® = 0.1152; Chi® = 16.59, df = 7 (P = 0.02); I* = 58% ' ' ' '
-2 -1 0 1 2
Favors control  Favors Music

Figure 3. Trial level data, effect estimates, and forest plot in supplementary meta-analyses for music-
based intervention by music therapist (A), music-based intervention by non-music therapist (B),
people with MCI (C), and people with dementia (D). The area of green square is proportional to the
study’s weight in the meta-analysis.
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3.4. Episodic Memory

The AVLT was used as a measure for episodic memory in two measures
(Figure 4) [45,50]. Meta-analysis revealed that music-based intervention improved AVLT
performance (I2 = 0%, SMD = 0.34, 95% CI 0.08 to 0.61).

Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lyu 2018 050 16000 97 003 15900 95 874% 029[0.01;058] e
Pohl 2020 -040 23013 26 -20023575 10 126% 068[-0.07;1.42] T
Total (95% CI) 123 105 100.0% 0.34[0.08; 0.61] >
Heterogeneity: Tau® = 0: Chi® = 0.88, df = 1 (P = 0.35); F = 0% ' ' ' '
2 -1 0 1 2

Favors control Favors Music

Figure 4. Trial level data, effect estimates, and forest plot for the effects of music-based intervention
on the AVLT. The area of green square is proportional to the study’s weight in the meta-analysis.

3.5. Processing Speed

Processing speed results were provided in seven studies (Figure 5) [41,44,46,47,49,58,59]
(I = 8.5%, SMD = 0.01, 95% CI —0.18 to 0.20). There were no statistically significant
relations between music-based intervention and cognitive function. We also did not find
any significant results in each cognitive test (TMT-A and DSST).

A) All processing speed measures

Study SMD [95% CI]
Innes 2017 DSST —_—— -0.13[-0.64, 0.38]
Innes 2018 DSST S s -0.14[-0.68, 0.40
Pohl 2020 DSST 044 {-1 18,0.29
Doi 2017 TMT-A B B 0.26 [-0.08, 0.61]
Giovagnoli 2017 TMT-A 041 [71 18, 0.37
Innes 2017 TMT-A —-——— -0.04 [-0.55, 0.47
Innes 2018 TMT-A —_— -0.12[-0.66, 0.42]
Pongan 2017 TMT-A —— 0.18 [-0 33, 0.69]
Yu-ling 2018 TMT-A 0.28[-0.47,1.03
RE Model — 0.01[-0.18, 0.20]
I T T T T 1
15 1 05 0 05 1 15
Standardized Mean Difference
B) TMT-A
Music Control Std. Mean Difference Std. Mean Difference

Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Doi 2017 019 420 67 157 600 67 372% 0.26[-0.08;061)] 1

Giovagnoli 2017 -19.08 7694 13 1476 8406 13 71% -041[-1.18,0.37] —

Innes 2017 593 1041 30 632 898 30 168% -0.04[-0.55;047] i

Innes 2018 500 1042 28 621 1020 25 148% -0.12[-0.66;0.42) 7

Pongan 2017 10.05 2934 31 464 3022 28 164% 0.18[-0.33;0.69] —E—

Yu-ling 2018 5760 21784 15 -220 19550 13 7.7% 0.28[-0.47;1.03] —--l—

Total (95% ClI) 184 176 100.0%  0.10[-0.11; 0.30] I’

Heterogeneity: Tau® = 0; Chi* = 3.75, df = 5 (P = 0.59); I* = 0%

C) DSST
Music Control
Study Mean SD Total Mean SD Total
Innes 2017 448 509 30 515504 30 425%
Innes 2018 463 550 28 545580 25 37.4%
Pohl 2020 -1.10 924 26 310923 10 20.1%
Total (95% CI) 84 65 100.0%

Heterogeneity: Tau® = 0; Chi® = 0.54, df = 2 (P = 0.76); I* = 0%

Std. Mean Difference

Weight IV, Random, 95% CI

-0.13[-0.64; 0.38]
-0.14[-0.68; 0.40)
-0.44[-1.18; 0.29]

-0.20 [-0.53; 0.13]

2

-2 -1 0 1 2
Favors control  Favors Music

Std. Mean Difference
IV, Random, 95% CI

-1 0 1 2
Favors control  Favors Music

Figure 5. Trial level data, effect estimates, and forest plot for the effects of music-based intervention on
all processing speed measure (A), TMT-A (B), and DSST (C). The area of green square is proportional
to the study’s weight in the meta-analysis.
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In addition, supplemental meta-analyses (Figure 6)

did not show significant improve-

ments of processing speed based on participants (MCI or dementia) and music-based

intervention by the music therapist or not.

A) Music-based intervention by music therapist

Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Giovagnoli 2017 -19.08 7694 13 1476 8406 13 487% -041[-1.18;037] —-—
Yu-ling 2018 5760 21784 15 22019550 13 513% 028[-047;1.03] —Hill—
Total (95% CI) 28 26 100.0% -0.05[-0.73; 0.62] —eag——
Heterogeneity: Tau” = 0.0839: Chi” = 1.55, df = 1 (P = 0.21); I = 36% ' ' '
2 -1 0 1 2

B) Music-based intervention by non-music therapist

Favors control  Favors Music

Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Innes 2017 448 509 30 515 504 30 135% -0.13[-064;0.38] ——
Innes 2018 463 550 28 545 580 25 119% -0.14[-068;0.40] —
Pohl 2020 110 924 26 310 923 10 65% -044[-1.18;029] &
Doi 2017 019 420 67 -157 600 67 293% 026[-0.08;061) +Hil-
Innes 2017 593 1041 30 632 898 30 136% -0.04[-055;047] :I._l—
Innes 2018 500 1042 28 6211020 25 120% -0.12[-066;0.42]
Pongan2017 1005 2934 31 464 3022 28 133% 0.18[-0.33;0.69] —E—
Total (95% Cl) 240 215 100.0% 0.02[-0.17; 0.21] -
Heterogeneity: Tau® = 0.0015: Chi = 4.87, df = 6 (P = 0.56); I° = 0% ' ' L ' '
-2 -1 0 1 2

Favors control Favors Music

Figure 6. Trial level data, effect estimates, and forest plot in supplementary meta-analyses for music-
based intervention by music therapist (A), music-based intervention by non-music therapist (B). The
area of green square is proportional to the study’s weight in the meta-analysis.

3.6. Executive Function

A total of nine studies provided executive function results (Figure 7) [41-44,46,47,50,51,58].
Of those nine studies, four provided results for the FAB [42,43,46,51], two studies used the
Verbal Fluency Test [44,50], and four used the TMT-B [41,44,47,58]. Meta-analysis using
all studies revealed that music-based intervention generally improved executive function
(I2 =8.51%, SMD = 0.27, 95% CI 0.10 to 0.44). In addition, meta-analysis including studies
that only used the FAB as the outcome measure showed the beneficial effects of music-based
intervention on FAB performance (I? = 3.1%, SMD = 0.65, 95% CI 0.31 to 0.99) and Verbal
Fluency Test (12 = 0%, SMD = 0.28, 95% CI 0.01 to 0.54).

Supplementary meta-analyses (Figure 8) revealed that music-based intervention by
non-music therapist improved executive functions (I> = 38%, SMD = 0.30, 95% CI 0.10 to
0.49). In addition, music-based intervention improved executive functions in people with
dementia (12 = 16%, SMD = 0.26, 95% CI 0.08 to 0.45).
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A) All executive functions measures

Study SMD [95% CI]
Miyazaki 2020a FAB 1.13[025,2.02
Miyazaki 2020b FAB P 0.91]0.30,1.53
Pongan 2017 FAB I 0.39[-0.13,0.91
Shimizu 2018 FAB : 0.441-0.32,1.19
Doi 2017 TMT-B — 0.08[-0.25,0.42
Giovagnoli 2017 TMT-B * -0.02]-0.79,0.75
Innes 2017 TMT-B —— 0.03[-0.48,0.53
Innes 2018 TMT-B —_— -0.01]-0.54,0.51
Giovagnoli 2017 VF ) 0.08[-0.69,0.85
Lyu 2018 VF —— 0.30]0.02,059
RE Model —— 027[0.10,0.44]
| i T T |
-1 0 1 2 3
Standardized Mean Difference
B) FAB
Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Miyazaki 2020a 077 197 13 -180 244 10 138% 1.13[024;203] —
Miyazaki 2020b 236 335 27 035215 19 280% 091[029;153] +
Pongan 2017 077 260 31 027267 28 387% 039[-013,091] =
Shimizu 2018 1.00 183 30 020 169 9 194% 044[-032;1.19] —
Total (95% CI) 101 66 100.0% 0.65[0.31;0.99] -
Heterogeneity: Tau® = 0.0091; Chi® = 3.09, df = 3 (P = 0.38); I* = 3% ' ' ' '
-2 -1 0 1 2
Favors control  Favors Music
C) TMT-B
Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Doi 2017 -050 1160 67 -150 1180 67 485% 008[-025; 042
Giovagnoli 2017 19.62 194 .11 13 22.84 14232 13 94% -002[-079,075]
Innes 2017 2230 3248 30 2135 3314 30 217% 003[-048; 053]
Innes 2018 2254 3519 28 2310 3860 28 203% -001[-054;051]

Total (95% ClI) 138
Heterogeneity: Tau® = 0; Chi® = 0.13, df = 3 (P = 0.99); IF = 0%

D) Verbal Fluency Test

138 100.0%

0.04 [-0.19; 0.28]

Music Control Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI
Giovagnoli 2017 092 1316 13 -008 978 13 118% 0.08[-0.69;0.85]
Lyu 2018 027 110 99 -012 143 97 882% 030[0.02;059]
Total (95% CI) 112 110 100.0% 0.28 [ 0.01; 0.54]

Heterogeneity: Tau® = 0; Chi- = 0.28, df = 1 (P = 0.60); I’ = 0%

Favors control  Favors Music

Std. Mean Difference
IV, Random, 95% CI

I I I 1

1 0 1 2
control Favors Music

2 E
Favors

Figure 7. Trial level data, effect estimates, and forest plot for the effects of music-based intervention
on all executive functions” measures (A), TMT-B (B), FAB (C), and Verbal Fluency Test (D). The area
of green square is proportional to the study’s weight in the meta-analysis.
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A) Music-based intervention by music therapist

Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Giovagnoli 2017 19.62 194.11 13 22.84 142.32 13 500% -0.02[-0.79;0.75]
Giovagnoli 2017 092 1316 13 -008 978 13 500% 008[-069,0.85]

Total (95% Cl) 26 26 100.0%  0.03 [-0.51; 0.58]
Heterogeneity: Tau® = 0; Chi° = 0.03, df = 1 (P = 0.85); I* = 0%

-1 0 1 2
. . . . . Favors control Favors Music
B) Music-based intervention by non-music therapist

Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Miyazaki 2020a 077 197 13 -180 244 10 44% 1.13[0.24;203] e

Miyazaki 2020b 236 335 27 -035 215 19 86% 091[0.29;1.53]
Pongan 2017 077 260 31 027 267 28 115% 0.39[-0.13;091]
Shimizu 2018 1.00 183 30 020 169 9 61% 044[-032;1.19]
Doi 2017 -0.50 1160 67 -150 1180 67 208% 0.08[-0.25;042]
Innes 2017 2230 3248 30 21353314 30 118% 0.03[-0.48;0.53]
Innes 2018 2254 3519 28 2310 3860 28 11.2% -0.01[-0.54;0.51]
Lyu 2018 027 110 99 012 143 97 256% 030[0.02;0.59]

Total (95% CI) 325 288 100.0%  0.30 [ 0.10; 0.49]
Heterogeneity: Tau® = 0.0191; Chi® = 11.29, df = 7 (P = 0.13); I* = 38%

-2 -1 0 1 2
Favors control  Favors Music

C) people with MCI

Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Miyazaki 2020a 077 197 13 -180 244 10 239% 1.13[024;203] ———
Shimizu 2018 100 183 30 020 169 9 289% 044[-032;1.19] 1
Doi 2017 -050 1160 67 -150 1180 67 473% 0.08[-0.25,042] L
Total (95% CI) 110 86 100.0% 0.44[-0.14; 1.01] | :

Heterogeneity: Tau® = 0.1541; Chi° = 4.86, df = 2 (P = 0.09); I = 59%
= 1 0 1 2

D) people with dementia Favors control Favors Music
Music Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Miyazaki 2020b 236 335 27 -035 215 19 87% 0.91[0.29;1.53]
Pongan 2017 077 260 31 -027 267 28 126% 0.39[-0.13;0.91]
Giovagnoli 2017 19.62 19411 13 22.84 14232 13 57% -0.02[-0.79;0.75]
Innes 2017 2230 3248 30 2135 3314 30 131% 0.03[-0.48;0.53]
Innes 2018 2254 3519 28 2310 3860 28 122% -0.01[-0.54;0.51]
Giovagnoli 2017 092 1316 13 008 978 13 57% 0.08[-0.69; 0.85]
Lyu 2018 027 110 99 -012 143 97 421% 030[0.02;0.59]

Total (95% Cl) 241 228 100.0%  0.26 [ 0.08; 0.45]
Heterogeneity: Tau” < 0.0001; Chi” = 7.18, df = 6 (P = 0.30); I = 16%

Favors control  Favors Music

Figure 8. Trial level data, effect estimates, and forest plot in supplementary meta-analyses for music-
based intervention by music therapist (A), music-based intervention by non-music therapist (B),
people with MCI (C), and people with dementia (D). The area of green square is proportional to the
study’s weight in the meta-analysis.
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3.7. Working Memory/Short Term Memory/Attention

There were no specific studies that provided details regarding working memory,
short-term memory, or attention.

3.8. Quality Assessment

An assessment of the methodological quality of the included studies is presented
in Table 3. The quality assessment score ranged from 8 to 13, with an average of 10.47
(SD = 1.50). All included studies had sufficient methodological quality. The scores of item 5
(blinded outcome assessor), 9 (intention-to-treat analysis), and 14 (reporting CONSORT
statement) were low. However, all studies fulfilled the methodological qualities of item 1
(random allocation), 4 (eligibility criteria specified), and 11 (adequate description of the
control/comparison group).

Table 3. Quality assessment scores of included studies using modified Delphi list.

Lead Author, Year, Country

Q1 Q2 03 Q4 05 06 Q7 08 Q9 Q10 Q11 Q12 QI3 Q14 Total

Ceccato 2012 [55]
Yu-ling
2018 [49]

Doi 2017 [41]
Don Mei Li 2016 [56]
Giovagnoli 2017 [44]
Giovagnoli 2018 [52]

Innes 2017 [58]
Innes 2018 [47]

Kim 2020 [48]

Lyu 2018 [50]
Mahendran 2018 [45]
Miyazaki 2020a [42]
Miyazaki 2020b [51]

Narme 2013 [53]
Pohl 2020 [59]
Pongan 2017 [46]
Raglio 2015 [60]
Shimizu 2018 [43]
Van de Winckel 2002 [54]
Total score across studies

<
<
=<

~

? Y Y Y N 10
12

11
8
9

13

12

11
9

10

11

12
9
8

11

13

11

10
9

=<
<

-~

R N N T
KRR Z R
K R R 7,
R R R R
KRR NZRRZRR DR =
R R
NZZRRZZZZRZZZRRZZ< < Z
ZHRARRRZRRZRZ R Z L R =
R R T T Y
KR 27 =
KR
NZZZ R Z R L L2 ZRZZZ

NN VWZ VK ZNVNZRK O I 9D K
W NN ZNVNZRZZ NN NZ o

19 18 18 19 15 18 14 19 17 19

Note: (Q1) Random allocation, (Q2) treatment allocation concealed, (Q3) groups/subjects similar at baseline
regarding important prognostic values, (Q4) eligibility criteria specified, (Q5) blinded outcome assessor, (Q6)
blinded care provider, (Q7) blinded patient, (Q8) point estimates and measures of variability presented for
the primary outcome measures, (Q9) intention-to-treat analysis, (Q10) details of random allocation methods,
(Q11) adequate description of the control/comparison group, (Q12) between-group statistical comparison, (Q13)
reporting dropouts, (Q14) reporting CONSORT statement. Y means that previous studies met the criteria of each
item. N means that previous studies did not met the criteria of each item. ? means that previous studies did not
mention the item.

4. Discussion

We performed a systematic review and meta-analysis to examine the effect of music-
based intervention on each subdomain of cognitive function for people with dementia and
MCI. We found that music-based intervention improved cognitive function assessed by the
MMSE total score. Further, the intervention improved both the executive function and the
episodic memory performance. These results are of key importance for patients, clinicians
and stakeholders because these cognitive functions are associated with ADL and QoL in
people with MCI and dementia [61-63].

The first main finding is that music-based intervention increased general cognitive
function in people with dementia and MCI. This finding is in line with prior meta-analysis
studies [17,18]. However, the results regarding the effects of music-based intervention are
still controversial. Some meta-analysis studies have reported no positive effect of musical
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therapy on general cognitive function [19,20]. The reason for this dissociation is the number
of included studies in past meta-analysis studies. For example, the number of included
studies in the previous meta-analyses was eight [18], seven [19], and eight [20]. However,
the current meta-analysis included 19 studies. Therefore, our meta-analysis provides more
validated results.

Itis important to note that most of the previous studies ignored the differences between
cognitive tests. For example, the MMSE and the MoCA are mainly used to measure general
cognitive function, but the sub-components of each test are different [64]. The MMSE
emphasizes orientation and language activities while the MoCA emphasizes executive
function and visual task domains [65]. Supporting this difference between the MMSE
and the MoCA, in this meta-analysis we found that music-based intervention significantly
improved MMSE scores but not MoCA scores. This result indicates that it would be better
to consider this difference and separately perform meta-analysis for each test. However,
we found only two studies using the MoCA [42,59]. Thus, it will be necessary to perform
further meta-analysis in the near future.

Considering the types of interventions is important for an understanding of the
beneficial effect of music-based intervention on cognitive function. Music-based interven-
tion as a whole could conceptually be divided into receptive intervention type, which
required the participants to listen to music, and active intervention type, which required
the participants to play musical instruments, to sing songs, or to move with music. In
this study, we found eight receptive interventions [41,45,47,48,50,52,56,58] and 11 active
interventions [42-44,46,47,50,51,53,54,59]. Among the eight studies that measured MMSE
scores [41,44,50,51,54-56,58], five studies involved receptive music activities [41,44,55,56,58]
and three involved active music activities [50,51,54]. Of the eight studies, seven using the
MMSE showed increases in MMSE performance [41,50,51,54-56,58]. These results indi-
cate that any type of music-based intervention would have beneficial effects on general
cognitive function.

The second main finding is that we demonstrated the positive effect of music-based
intervention on executive function. In addition, we found that music-based intervention
led to improvements in FAB and Verbal Fluency Test scores. Considering the types of
interventions, three studies used receptive music activities [41,47,58] and six studies used
active music activities [42-44,46,50,51]. Of the six studies included, the four studies using
active music activities reported significant improvements in the performance of executive
function [42,46,50,51]. Moreover, all four studies that measured the FAB used active music
activities [42,43,46,51]. This suggests that active music-based intervention would have
positive effects on executive function. This may be because active music intervention is
more likely to promote socialization, engagement, verbal processing, or motor planning
compared with receptive music intervention [66]. Since active music intervention has been
utilized more often than receptive music intervention, future studies should investigate the
effect of active music-based intervention on cognitive function.

The third and final main finding is that music-based intervention led to an improve-
ment in episodic memory. In this meta-analysis, we included two studies [45,50], both of
which used the AVLT as a measurement for episodic memory. The AVLT is an auditory
verbal learning test using words [67]. The interventions asked the participants to sing and
listen to their favorite songs, which were popular in their twenties and thirties, or listen
to music and recall their experiences related to the music (reminiscence). The interven-
tion required participants to understand the lyrics (semantic memory) and explicitly and
implicitly recall past episodes (episodic memory) during music-based intervention. There-
fore, this type of music-based intervention may facilitate episodic memory performance.
Due to the small number of available studies, future studies are required that include
other memory function measurements to clarify the effect of music-based intervention on
episodic memory.

It would be too early to conclude that music-based intervention is not effective in
processing speed performance. In this meta-analysis we found only five studies that in-
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vestigated processing speed [41,44,46,47,58]. In addition, typical music-based intervention
does not require the cognitive process related to processing speed [68]. Future studies
should include episodic memory or processing speed components during music-based
intervention.

It should be important to consider whether the intervention period of the included
studies was sufficient to evaluate improvements in cognitive function. Previous system-
atic review and meta-analysis for non-pharmacological interventions such as cognitive
training, exercise, nutrition revealed that previous studies used the similar intervention
periods (from 4 to 12 weeks) [25,69-72]. The short-term intervention was able to improve
cognitive functions in older adults with and without dementia. This indicated that the
intervention period among the included studies was sufficient time to investigate the
improvements in cognitive functions. However, whether an intervention period would
affect the beneficial effect of music-based intervention on cognitive function is an impor-
tant consideration. Further studies should investigate effects of shorter- and longer-term
music-based intervention.

It is important to note results from supplementary meta-analyses based on MCI/dementia
differences and the music-based intervention with the music therapist/the non-music-
therapist (Please see Figure 3, Figure 6, and Figure 8). Music-based intervention improved
general cognitive functions in both people with MCI and dementia. On the other hand,
music-based intervention improved executive functions in people with dementia. Moreover,
music-based intervention by the non-music therapist improved general cognitive functions
and executive functions in people with MCI and dementia. However, we did not find any
significant improvements from music-based intervention by the music therapist. There
would be some consideration points. The main point is the small number of studies
included for the supplementary analyses. We found only three studies with MCI and
five studies with music therapists. The second point is the countries where the RCT was
conducted. All studies with MCI were conducted in Japan. Looking at music-based
intervention by a music therapist, four studies were conducted in Italy and one study was
in USA. Therefore, we were unable to exclude the possibility of a cultural bias. In the
future, there should be more studies to investigate whether benefits from music-based
intervention would differ between people with MCI and dementia and between music-
based intervention by a music therapist or not.

In the current meta-analysis, we did not include music-based interventions transduced
into vibrotactile stimulation or single frequency sound. The music interventions we re-
viewed are those with sound perceived culturally as music and which we can naturally
hear (20 Hz-20 kHz). Although vibrotactile aspects of sound and vibratory dimensions
of music are frequently present as potentially therapeutic effects, they are less studied. A
recent scoping review reported that vibration intervention had positive effects on cognitive
functions [73]. In the future study, we should consider beneficial effects of music-based
intervention using vibration on cognitive functions.

This study has several limitations. First, clinical heterogeneity between studies, such
as severity of dementia, could not be avoided. Second, although we separately analyzed
the clinical cognitive function assessment scales, some of the outcome domains had only
one study. Third, some of the included studies had a small sample size. Due to the small
number of included studies and the wide variety of participant characteristics, we were
unable to conduct a stratified analysis. Fourth, the placebo effect in music intervention
studies should have been mentioned. Participants did not know the purpose of the music
intervention because they were blinded in 15 of the 19 included studies (see Table 1).
However, almost all studies used passive control groups. In this case, participants in the
music intervention group would think that they receive a beneficial intervention/treatment.
Therefore, a placebo effect might occur because they would expect that their cognitive
function would be improved. To reduce the placebo effect, the future study should use an
active control intervention group. Finally, we did not consider a kinesthetic and physical
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aspect in the music-based intervention program. To exclude an effect of physical activity, in
the future, we should compare similar physical activities groups with and without music.

5. Conclusions

This meta-analysis illustrates that music-based intervention can improve general cog-
nitive function, executive function, and episodic memory performance in older adults with
MCI and dementia. Music-based intervention, compared with other non-pharmacological
interventions, is more implementable and less costly with little chance of adverse effects.
Therefore, music-based intervention appears to be a suitable intervention to apply more
frequently in the clinical field.
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