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Abstract: Music interventions (MIs) have been widely used to relieve anxiety in dementia in clinical
settings. However, limited meta-analysis with randomized controlled trials (RCTs) on this topic
has been conducted so far. A systematic search was conducted in four major databases (PubMed,
EMBASE, Web of Science, and Cochrane Library) for data provided by RCTs from the inception
to February 2023. The search strategy employed the terms “anxiety AND music AND dementia
OR Alzheimer’s disease”. Thirteen RCTs (827 participants) were included. The results showed MI
reduced anxiety significantly (SMD = −0.67, p < 0.001), especially for Alzheimer’s disease (p = 0.007)
and Mixed (p < 0.001)-type dementia. Moreover, significant improvements in agitation (p = 0.021) and
depression (p < 0.001) in dementia were observed. Additionally, several psychological mechanisms
which may be associated with MI were reviewed comprehensively. In conclusion, our findings sup-
port the efficacy of MI in alleviating anxiety symptoms in dementia patients. PROSPERO Registration
(ID: CRD42021276646).

Keywords: anxiety; Alzheimer’s disease; dementia; music intervention; music therapy

1. Introduction

Dementia and mild cognitive impairment (MCI) are prevalent and common brain
disorders among the elderly, exhibiting the involvement of multiple cognitive domains.
Early intervention is recommended in the stage of MCI in case it deteriorates the progress
of dementia development, and further influences patients’ daily quality of life (QoL) in
more than one cognitive domain [1]. The significance of anxiety symptoms in individuals
with dementia or MCI is frequently overlooked and inadequately addressed, resulting
in low intervention rates and patient withdrawal due to side effects [2]. The prevalence
of any anxiety disorder in the dementia population was reported to be approximately
33% [3,4], and it is often regarded as a psychological indicator of cognitive decline [2].
Considering the global prevalence of dementia, which affects over 55 million individuals,
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with 10 million new cases witnessed annually [5], anxiety places a burden on caregivers,
healthcare providers, and financial resources [6].

Anxiety is a prevalent yet highly diverse condition that lacks definitive biomarkers or
a singularly effective treatment [7,8]. Neglecting to address anxiety can lead to the deterio-
ration of mental and psychological functioning, increased risk of depression, agitation, and
suicide ideation and behavior [4,9–11]. Among patients with dementia, pharmacotherapy
currently serves as the primary treatment for anxiety, though there are clinical concerns
regarding the medication’s limitations and adverse effects. For instance, benzodiazepines
(BZDs) may cause constipation, muscle weakness, and an increased risk of falls, while
selective serotonin reuptake inhibitors (SSRIs) may result in nausea, diarrhea, headache,
and insomnia [12]. In contrast to medication, non-pharmacological alternatives such as
dietary modifications, physical activity, and music intervention (MI) have been reported
with clinical evidence and recommended as anxiety treatments [13–15].

MI, encompassing both active music therapy (AMT) and passive music therapy
(PMT) [16], is widely utilized in the management of anxiety disorders due to its affordability,
accessibility, and lack of adverse effects [17]. Previous studies have provided evidence of
the efficacy of MI in reducing anxiety symptoms among patients with dementia, including
Alzheimer’s disease (AD), MCI, and vascular dementia (VaD) [18,19]. Additionally, a
meta-analysis has concluded that MI can generally improve anxiety symptoms [20]. The
emotional impact of music and its ability to facilitate verbal expression makes it a valuable
tool in therapy [18]. Furthermore, MI has been shown to activate brain functions that play a
crucial role in maintaining mood stability and reducing anxiety and depression [17,21,22].

Multiple investigations have examined the application of MI for alleviating anxiety
symptoms in patients with dementia, encompassing a variety of randomized controlled
trials (RCTs) and meta-analyses. Nevertheless, discrepancies in the findings of these studies
have been observed [23–25]. Moreover, due to the scarcity of supportive high-level evidence,
the objective of this study is to consolidate the existing evidence on the efficacy of MI in
reducing anxiety among individuals with dementia. Consequently, we have undertaken
this meta-analysis of RCTs to compare the impact of MI on anxiety symptoms in the context
of dementia.

2. Materials and Methods
2.1. Protocol and Registration

The protocol for this meta-analysis was conducted following PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) [26] guidelines and was
registered with the International Prospective Registry of Systematic Reviews PROSPERO
(ID: CRD42021276646). Details can be found in the Supplementary Materials checklist.

2.2. Search Strategy and Selection Criteria

We searched PubMed, Embase, Web of Science, and the Cochrane Library for RCTs
from the inception date of the database to February 2023. We used the strategy of “music
AND anxiety AND dementia OR Alzheimer’s disease” with the Boolean search to select and
filter literature in the databases. The following terms were used to guide the search strategy:
PICO (Patients—Anxiety in dementia; Intervention—Music interventions; Comparison–
Control, no intervention, or other non-pharmacological intervention; Outcomes—Anxiety,
Depression, and Agitation assessment). We then removed the duplicates and articles that
did not focus on dementia. Afterward, the titles and abstracts of all identified articles were
evaluated. The inclusion criteria were as follows: (1) RCT. (2) Intervention groups that
received MI that included all three factors of music (rhythm, melody, and harmony); the
control group was the usual treatment or rehabilitation training. (3) Anxiety measurement
was included in the outcome assessments. (4) All participants were above the age of 60
(inclusive). The exclusion criteria were as follows: (1) non-RCTs (review articles, medical
protocols, conference articles, case reports, letters, editorials, pilot studies, and pilot RCT).
(2) MI was administered with other therapy or was part of the complementary or alternative
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therapy set. (3) The control groups had any component of the accepted music, including
rhythm, melody, and harmony. (4) Studies that did not provide information about the
primary outcome analysis. Finally, the full text of the identified articles was evaluated for
the meta-analysis.

2.3. Data Extraction

We developed a table to extract appropriate data, including the following details:
(1) characteristics of the articles (authors, year of publication, and country); (2) the charac-
teristics of the participants (e.g., condition and type of dementia); (3) the study design and
methodological quality (random assignment, blinding, participant selection process, and
follow-up status); (4) MI (method, music style, and performance style); (5) the outcome
measures and statistics (type of anxiety scale, the results of the anxiety score, and other
psychological scores in dementia). Three authors (Ting, Chen, and Malau) extracted data
independently and resolved differences through discussions with two other authors (Li
and Su).

2.4. Risk of Bias Assessment of Included Studies

The risk of bias in the included studies was independently assessed by two authors
(Ting and Malau) according to Cochrane Collaboration’s tool [27]. The seven items used
to assess quality and bias judgments were: (1) random sequence generation (selection
bias), (2) allocation concealment (selection bias), (3) blinding of participants and personnel
(performance bias), (4) blinding of outcome assessment (detection bias), (5) incomplete
outcome data (attrition bias), (6) selective reporting (reporting bias), (7) other bias. Each
item was rated as being at “low risk,” “unclear risk,” or “high risk” of bias, depending on
the article. In this study, the blinding of participants and personnel was assessed separately
because the administrators and investigators of the interventions may not have been the
same. We decided that “selective reporting” would determine whether the clinical trial
was enrolled. In addition, “other bias” would examine the details of conflicts of interest,
funding sources, or the presence of more dropouts. Any disagreement with the results was
resolved through discussion with the author (Chen).

2.5. Classification of the Music Intervention and Control Groups

We classified the MI group with live music interaction by a music therapist or profes-
sional as AMT. As PMT, pre-recorded music was played to participants via speaker (SPK).
In the control group classification, any activity intervention was referred to as “active”
(excluding the music factor), and no interventions, usual treatment, rest, and reading
interventions were referred to as “passive”.

2.6. Statistical Analyses

All extracted outcome data included in this meta-analysis were continuously analyzed
using standardized mean differences (SMDs) and 95% confidence intervals (CIs). The
primary outcome was a post-intervention anxiety score of dementia in the MI and control
groups. The last post-intervention time was chosen if the scale had multiple measurements.
If more than one assessment score was available, the score provided by the objective
investigator would be the primary outcome. Secondary outcomes were other psychological
scores, including depression and agitation of dementia. If no standard deviation (SD)
or 95% CI was reported in the original article, the effect size was estimated based on
the median, interquartile range (IQR), range, standard error, t-value, or p-value using a
random effects model [28]. In multi-arm studies, studies with more than two intervention
groups were included in the meta-analysis using methods that (1) omitted groups unrelated
to the comparison made and (2) included multiple groups eligible for the intervention
as experimental or comparison groups to form a single paired comparison [28]. The
interpretation of the effect sizes according to the Cohen guidelines is as follows: effect
size = 0.2 is considered a “small” effect size, 0.5 represents a “medium” effect size, and 0.8
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is a “large” effect size [29]. All p-values were bilateral, and 0.05 was considered statistically
significant. Each heterogeneity analysis was assessed using I-square (I2) statistics. A p-value
of less than 0.1 for the I2 test indicates significant heterogeneity [28]. Potential publication
bias was calculated via funnel plot and Egger regression asymmetry analysis [30]. Two
authors performed data analysis (Ting and Hsu) and two authors disputed resolution (Li
and Chen).

2.7. Subgroup Outcomes

We found that the studies included in our research exhibited distinct classifications,
pertaining to AD or a combination of multiple conditions (Mixed). Therefore, we further
divided them into two different dementia groups: AD and the Mixed group. On the other
hand, for music-integrated therapy, we split the studies into two types: AMT and PMT. Five
subgroups were selected for music types: (1) Improvisation: live, real-time performances
for the participants, with interactivity. (2) Participant preferences: participants selected
their preferred music or song before the test. (3) Multiple music: combinations of two or
more types of music. (4) Old song: a kind of popular music from an older era, as time has
passed, and music exists in the memories of the people from this period. (5) Instrumental
music: music without any vocals or lyrics. Different countries or regions also have various
instruments and playing characteristics. As for the presentation type, two subgroups were
created: live music and pre-recorded. Live music refers to the interaction of participants
with a music therapist playing an instrument, while SPK refers to pre-recorded music
played through speakers. The rating scale used to assess anxiety in dementia was mainly
based on Rating Anxiety in Dementia (RAID), while if other rating tools such as the Hamil-
ton Anxiety Scale (HAM-A), State Trait Anxiety Inventory (STAI), or Neuropsychiatric
Inventory (NPI) were used, they would be grouped as non-RAID. We performed subgroup
analyses to investigate the potential heterogeneity of the included studies. We used com-
prehensive meta-analysis software version 3 (Biostat, Englewood, NJ, USA) to process the
statistics of all included studies.

3. Results
3.1. Identification of Eligible Studies

Figure 1 presents the flow chart and outcomes of our screening process. Our search
strategy yielded a total of 654 articles, of which 430 duplicate articles were excluded. Sub-
sequently, we conducted a thorough evaluation of the titles and abstracts of the remaining
224 articles. Following the application of our screening criteria, 184 articles were excluded,
leaving us with 40 full-text articles for further analysis. From this set, 27 articles were
excluded as they did not meet the criteria for being non-randomized controlled trials, pilot
studies, protocols, reviews, or relevant outcomes. Ultimately, our meta-analysis included a
total of 15 trials from 13 articles. Further information regarding the 27 excluded articles can
be found in Supplementary Material S1.

3.2. Study Characteristics and Patient Population

A total of 827 participants were included in 13 articles published between 2009 and
2022 (Table 1). The sample size for each article ranged from 18 to 112 individuals, aged
from 65 to over 95 years old. As for the dementia types, four were AD, and the others were
Mixed type. Based on the definition of the Mini-Mental Status Exam (MMSE) or Montreal
Cognitive Assessment (MoCA), the severity of the cognitive impairment was as follows:
four were mild, one was mild-to-moderate, seven were moderate, and one exhibited severe
cognitive impairment. As for the MI type used in the included studies, seven studies used
AMT, three used PMT, and three used a combination of AMT and PMT. Regarding the
music style, two studies used improvised music, three used multiple kinds of music, four
used old songs, and four used music chosen by the participants based on their preferences.
The music was presented in the form of live music performances in seven studies, with
pre-recorded music played through SPK in five studies. The control types were ‘Active’
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in seven studies, ‘Passive’ in five studies, and waitlist in one study. The frequency of
interventions MI in the included studies ranged from 20 to 120 min, one to five times per
week, with a minimum of one week and a maximum of 24 weeks. Regarding the rating
scales for anxiety, six were RAID, and seven were non-RAID, including three HAM-A,
two NPI, and two STAI. Two articles with double interventions met the inclusion criteria;
therefore, multiple comparisons were performed. Eventually, 15 tails from 13 articles (MI
and control group) were extracted for meta-analysis. We describe the detailed classification
of the control group, and the content was categorized based on whether the patient had
received non-music intervention or received the usual treatment (Table 1).
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Table 1. General Characteristics of Music Intervention Studies on anxiety in dementia.

Authors and Year Country Study Design Comparison N Age, Y
Mean (SD) Dementia Types Dementia

Severity Level Session Style Type/Genres/Titles
of Music Equip Control Type Control Descriptions Frequency Rating Scales

Cheung et al., 2018
[31] Hong Kong Multi-RCT

Music-1
Music-2

Social activity

58
54
53

85.71 (6.68)
84.50 (6.82)
85.58 (7.46)

Mixed Moderate AMT/PMT Multiple music Live/SPK Active Social activity 40 min/twice a
week/6 weeks RAID

Cheung et al., 2022
[32] Hong Kong Cluster-RCT Music

Control
55
45 79.53 (8.53) Mixed Moderate AMT Patients

Preferences SPK Waitlist Waitlist 30–45 min/3 times a
week/12 weeks RAID

Cooke et al., 2010
[33] Australia Crossover Music

Control
23
23 65–95+ Mixed Moderate AMT/PMT Patients

Preferences Live Passive Reading 40 min/3 times a
week/8 weeks RAID

Delphin-Combe
et al., 2013 [34] France RCT Music

Control
12
12

79.20 (6.90)
79.00 (6.70) AD Moderate AMT Multiple music Live Active Board games 30 min/5 times a

week/2 weeks HAM-A

Dimitriou et al., 2020
[35] Greece Multi-Crossover Music

Exercise
20
20 74.70 (7.17) Mixed Mild PMT Old songs SPK Active Exercise/Aromatherapy

and Massage
45 min/5 times a

week/1 week NPI

Giovagnoli et al.,
2017 [36] Italy Multi-RCT

Music
Cognitive
training

17
17

73.92 (7.74)
73.50 (5.96) Mixed Moderate AMT Improvisation Live Active Cognitive training 45 min/twice a

week/12 weeks STAI

Guétin et al., 2009
[37] France RCT Music

Control
14
12

85.20 (6.00)
86.90 (5.20) AD Mild PMT Multiple music Live Passive Rest and reading 20 min/once a

week/24 weeks HAM-A

Liu et al., 2021 [38] Taiwan RCT Music
Control

25
25

86.60 (4.50)
86.90 (5.70) AD Mild AMT Old songs Live Passive Rest and reading 60 min/once a

week/12 weeks HAM-A

Pongan et al., 2017
[39] France RCT Music

Control
31
28

78.80 (7.43)
80.20 (5.71) AD Mild AMT Patients

Preferences Live Active Painting 120 min/once a
week/12 weeks STAI

Raglio et al., 2008
[40] Italy RCT Music

Control
30
29

84.40 (5.50)
85.80 (5.40) Mixed Moderate AMT Improvisation Live Active Educational and

entertainment activities
30 min/10 times/

16 weeks NPI

Sánchez et al., 2016
[41] Spain RCT Music

Control 99 88.73 (7.36)
88.09 (6.80) Mixed Sever PMT Patients

Preferences SPK Active Multi-Sensory
Stimulation

30 min/twice a
week/16 weeks RAID

Sung et al., 2010 [42] Taiwan RCT Music
Control

29
23 80.12 (7.55) Mixed Moderate AMT Old songs SPK Passive Treatment as usual 30 min/twice a

week/6 weeks RAID

Sung et al., 2012 [43] Taiwan RCT Music
Control

27
28

81.37 (9.14)
79.50 (8.76) Mixed Mild-Moderate AMT/PMT Old songs SPK Passive Treatment as usual 30 min/twice a

week/6 weeks RAID

Abbreviation: AD: Alzheimer’s Disease; Mixed: mixed types of dementia; RAID: Rating Anxiety in Dementia; STAI: State-Trait Anxiety Inventory; NPI: neuropsychiatric Inventory; Live:
live music; SPK: speaker; AMT: active music therapy; PMT: passive music therapy; AMT/PMT: active and passive.
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3.3. Quality Assessment of Included Articles

Among all included articles, two were at high risk of selection bias [31,32] and one
was at high risk of personnel unevenness [42]. Five of the included articles were at high
risk of performance bias due to the nature of MI [31,32,36,42,43]. Three articles had a high
risk of bias in blinding outcome assessment [31,42,43]. As for detection bias, all articles
were at low risk due to the objective assessment scales used in the study (Supplementary
Material S2).

3.4. Outcomes of Music Intervention

Figure 2 shows the primary outcome of our extracted data (k = 15) of 13 RCTs in-
volving 827 participants. We found that MI significantly reduced anxiety scores for de-
mentia (SMD = −0.67, 95% CI = −0.94 to −0.40, p < 0.001), with significant heterogeneity
(I2 = 70.26%, p for I2 < 0.001). We then conducted a subgroup analysis, examining each
subgroup’s heterogeneity to confirm the study’s stability.
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3.5. Subgroup Analysis

The subgroup analysis (Table 2) shows the effect of MI on anxiety in dementia in the
actual data. In general, the impact of MI on anxiety reduction for dementia types was shown
significantly in both AD (SMD = −1.15, p = 0.007) and Mixed (SMD = −0.49, p < 0.001). Both
AMT (SMD = −0.80, p = 0.001) and PMT (SMD = −0.97, p = 0.002) were significant in the
MI treatment category. And the combination of AMT and PMT (SMD = −0.24, p = 0.073)
was insignificant. Among the music type, patient preference (SMD = −0.35, p = 0.005)
and multiple music (SMD = −0.98, p = 0.005) were the most effective types, and old song
(SMD = −0.79, p = 0.017) also significantly improved anxiety in dementia; improvisation
(SMD = −0.61, p = 0.247) did not significantly improve anxiety in dementia. In terms of
music performance scores, both live music (SMD = −0.651, p = 0.001) and pre-recorded
music played through SPK could improve anxiety symptoms (SMD = −0.70, p = 0.001).
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Both RAID (SMD = −0.36, p < 0.001) and non-RAID (SMD = −1.08, p < 0.001) showed no
differences in anxiety-accessing scores.

Table 2. Subgroup analysis MI of anxiety in dementia.

Subgroup k Effect Size
(SMD)

95% Confidence
Interval p

Dementia type
AD 5 −1.144 −1.978 to −0.310 0.007
Mix 10 −0.481 −0.681 to −0.281 <0.001

Therapy type
AMT 6 −0.798 −1.256 to −0.340 0.001
PMT 5 −0.967 −1.566 to −0.367 0.002

AMT + PMT 4 −0.231 −0.484 to 0.022 0.073
Music type

Improvisation 2 −0.603 −1.625 to 0.418 0.247
Multiple music 4 −0.976 −1.664 to −0.287 0.005

Old song 4 −0.789 −1.440 to −0.139 0.017
Patients’ preferences 5 −0.348 −0.592 to −0.104 0.005

Presentation
Live music 8 −0.651 −1.026 to −0.276 0.001
Pre-record 7 −0.694 −1.112 to −0.276 0.001

Rating scale
RAID 8 −0.355 −0.527 to −0.183 <0.001

non-RAID 7 −1.075 −1.593 to −0.557 <0.001
Abbreviation/SMD: Standardized mean difference; k: number studies; AD: Alzheimer’s Disease; Mix: mixed
types of dementia; AMT: active music therapy; PMT: passive music therapy; RAID: Rating Anxiety in Dementia.

3.6. Secondary Outcome

Figure 3 shows the forest plots for the secondary outcomes of agitation and depression
in dementia, assessed according to the Cohen-Mansfield Agitation Inventory (CMAI),
a tool that is widely used to investigate neuropsychiatric inventory (NPI). A total of
248 participants and 6 data were included for analyses. MI could significantly improve
agitation in dementia (SMD = −0.40, 95% CI = −0.74 to −0.06, p = 0.021) (Figure 3a).
However, moderate heterogeneity still existed (I2 = 40.98%, p for I2 = 0.132). For depression
in dementia, with 588 participants and 10 data analyses, the score showed statistical
significance after MI (SMD = −0.45, 95% CI = −0.68 to 0.22, p < 0.001). Also, the data has
moderate heterogeneity (I2 = 46.65%, p for I2 < 0.051) (Figure 3b).

J. Clin. Med. 2023, 12, x FOR PEER REVIEW 10 of 18 
 

 

 
(a) 

 
(b) 

Figure 3. (a) Forest plot of MI to agitation in dementia; (b) Forest plot of MI to depression in 
dementia [31–34,36–41,43]. 

3.7. Evaluation of Publication Bias 
Funnel plots for publication bias tests were conducted for all studies performed using 

CMA 3.0 software (Figure 4). Most studies were clustered at the right side of the effect 
size, while the left side was more dispersed. The majority of the studies were concentrated 
inside the diagonal line. This funnel plot features a study of MI for anxiety in dementia, 
which was examined using the “Trim and Fill” [44] and Eggers tests [30] to verify the 
publication bias. Egger’s test showed no significant publication bias in this research 

Figure 3. Cont.



J. Clin. Med. 2023, 12, 5497 9 of 16

J. Clin. Med. 2023, 12, x FOR PEER REVIEW 10 of 18 
 

 

 
(a) 

 
(b) 

Figure 3. (a) Forest plot of MI to agitation in dementia; (b) Forest plot of MI to depression in 
dementia [31–34,36–41,43]. 

3.7. Evaluation of Publication Bias 
Funnel plots for publication bias tests were conducted for all studies performed using 

CMA 3.0 software (Figure 4). Most studies were clustered at the right side of the effect 
size, while the left side was more dispersed. The majority of the studies were concentrated 
inside the diagonal line. This funnel plot features a study of MI for anxiety in dementia, 
which was examined using the “Trim and Fill” [44] and Eggers tests [30] to verify the 
publication bias. Egger’s test showed no significant publication bias in this research 

Figure 3. (a) Forest plot of MI to agitation in dementia; (b) Forest plot of MI to depression in
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3.7. Evaluation of Publication Bias

Funnel plots for publication bias tests were conducted for all studies performed using
CMA 3.0 software (Figure 4). Most studies were clustered at the right side of the effect size,
while the left side was more dispersed. The majority of the studies were concentrated inside
the diagonal line. This funnel plot features a study of MI for anxiety in dementia, which
was examined using the “Trim and Fill” [44] and Eggers tests [30] to verify the publication
bias. Egger’s test showed no significant publication bias in this research (intercept = −2.29,
95% CI = −5.84 to 1.26, t = 1.398, df = 13, 1st-tailed p = 0.093, 2nd-tailed p = 0.186).
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4. Discussion

To the best of our knowledge, this study represents the initial exploration into the
efficacy of MI in addressing anxiety as the primary concern in individuals with dementia.
Our first main finding demonstrates a significant reduction in anxiety symptoms among
patients with various types of dementia following MI intervention. To be specific, this
meta-analysis of 13 RCTs (n = 827) reveals a highly favorable impact of MI on anxiety
reduction in dementia patients (SMD = −0.67, p < 0.001). A recent review article has
concluded that the effectiveness of MI may vary depending on the type of dementia, with
greater effectiveness observed in Mixed type compared to AD due to the progressive
decline in memory and cognitive function [45]. Importantly, our results are consistent
with previous findings [46–48], providing the highest level of evidence. Moreover, other
clinical trials have reported similar positive effects of MI in treating anxiety and other
symptoms in patients with neurodegenerative or psychiatric disorders [23,25]. MI has
been found to yield multiple positive effects from several perspectives. For instance, it
has been widely reviewed for its psychological and mental health benefits, including the
reduction of depression, anxiety, and stress symptoms, as well as improvement of mood,
cognitive function, and relaxation [49,50]. Additionally, clinical assessments have shown
benefits such as decreased heart rate, blood pressure, cortisol levels, and increased levels of
endorphins and immune function [51,52].

The effectiveness of MI may be attributed to various mechanisms. Firstly, MI can
regulate mood by stabilizing the autonomic nervous system (ANS), leading to heightened
arousal in individuals with anxiety and depression [53,54]. MI employs multisensory and
active approaches to target the ANS and enhance mood regulation [16,55]. Additionally,
previous studies have indicated that music can stimulate the release of neurotransmit-
ters, such as dopamine and serotonin, which contribute to mood regulation and anxiety
reduction. This can further improve cognitive, emotional, and motor function in individ-
uals with neurological conditions [56]. Secondly, MI is associated with the activity of the
hypothalamic–pituitary–adrenal (HPA) axis, and further reduces cortisol levels, thereby
alleviating stress, anxiety, and depression [57,58]. The HPA axis plays a crucial role in the
stress response, in which patients with psychiatric disorders may be hyperactive. Similar
to its regulation of the ANS, MI promotes feelings of relaxation and stimulates the release
of dopamine and serotonin, which can reduce inflammation and positively impact brain
function. This ultimately helps regulate mood and reduce HPA activation [16]. Moreover,
MI can serve as a distraction or coping strategy, assisting individuals in managing stress
and negative emotions, thereby reducing HPA axis activation. Thirdly, MI may improve
neuroplasticity, further improving cognitive function and behavioral symptoms [59]. Neu-
roplasticity refers to the brain’s ability to adapt to different situations, and increasing its
level may help improve psychiatric symptoms such as depression and anxiety [60]. MI
can affect multiple brain regions and facilitates the creation of new neural connections
through various sensory modalities. For instance, previous studies have shown significant
increases in functional connectivity between specific brain regions after patients received
MI, including the bilateral dorsolateral prefrontal cortex and frontal areas [61], the dor-
sal anterior insula and posterior insular networks [62], and the right middle temporal
gyrus [63]. Furthermore, functional magnetic resonance imaging (fMRI) [64] and near-
infrared spectroscopy (NIRS) [65] studies have also demonstrated increased activity in
specific brain regions after receiving MI. Therefore, interventions like MI that enhance
neuroplasticity are recommended for anxiety patients in clinical settings [66]. Lastly, MI
may have anti-inflammatory effects on the brain and therefore improves psychiatric symp-
toms. Emerging evidence suggests that neuroinflammation is key to the psychopathology
of neurodegenerating disorders such as AD and psychiatric symptoms such as anxiety [67].
Various anti-inflammatory interventions, including Omega-3 fatty acid [14], yoga [68], Tai-
Chi [69], and acupuncture [70], have been widely accepted and applied in clinical practice.
MI, specifically, can modulate the immune response by activating the vagus nerve, releasing
anti-inflammatory cytokines, and reducing pro-inflammatory cytokines. For instance, a
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significantly lower level of plasma interleukin-6 (IL-6) was observed in the group that
received MI compared to the control group [71]. Additionally, MI can reduce stress and
promote relaxation, which decreases the production of stress hormones like cortisol which
increase brain inflammation [72]. Thus, MI can help alleviate anxiety in dementia patients
through various mechanisms, including regulation of the ANS, stabilization of the HPA
axis, improvement of neuroplasticity, and inhibition of neuroinflammatory status.

Our second main finding indicates that anxiety symptoms can be alleviated through ei-
ther AMT or PMT types of MI. Previous research has demonstrated the effectiveness of both
AMT and PMT in promoting mental health, with the choice depending on individual needs,
preferences, and abilities [16,73]. The critical distinction between AMT and PMT is that
AMT involves active engagement in music making to express emotions and enhance social
skills [74], whereas PMT employs pre-recorded music to elicit emotional responses [75]. In
addition to the aforementioned psychological and clinical advantages, MI has been widely
associated with psychosocial benefits. For instance, both AMT and PMT have been shown
to enhance communication and social interaction skills, as well as boosting self-esteem,
emotional expression, and social support [76]. Specifically, the rhythm and melody of
music stimulate calming effects, reducing stress levels and promoting relaxation, thereby
aiding individuals with dementia in experiencing less anxiety [77,78]. AMT may facilitate
self-expression, emotional understanding, coping skill development, emotional regulation,
and improvement in social skills and relationships for dementia patients [74,79,80]. By
contrast, PMT does not require active participation in music activities. Nevertheless, PMT
help manage anxiety symptoms by providing calming and soothing effects, promoting
relaxation, and facilitating emotional regulation through reflection [25,81,82]. In summary,
AMT and PMT are beneficial for anxiety in dementia patients through various psychologi-
cal mechanisms, including emotional regulation and relaxation, enabling self-expression,
improvement in social skills, and a reduction in stress levels.

Our third finding is that significant anxiety relief effects were shown in MI with the
music types of multiple music, old song, and patients’ preferences, while the same was
not true for improvisation. This interesting result is partially consistent with the previous
study. Sittler et al. reported that MI can improve the emotional well-being of patients
with dementia, especially when tailored to their music preferences. In clinical settings,
the choice of music in MI can be customized based on individual needs and preferences.
The flexibility of MI may be crucial to the effectiveness of music therapy in reducing
anxiety in dementia [42,58,83,84]. On the other hand, the use of improvisation in MI did
not yield a significant effect in our study, possibly due to the relatively small sample size
(k = 2). However, it is worth noting that some studies have emphasized the importance
of applying appropriate improvisation techniques, and therapists should be aware of
its limitations [85,86]. Further investigation focusing on improvisation is warranted for
future research.

Our subgroup analysis showed that significance was observed in both the RAID and
non-RAID groups. To account for the potential influence of the rating scale on the results,
we assessed the heterogeneity between each group, and no significant heterogeneity (k = 8,
p = 0.730) was found. The RAID scale demonstrates good face validity, expert judgment,
and common-sense support as an anxiety measure in dementia [87]. Furthermore, it
exhibits good convergent validity, as it correlates well with other anxiety measures such as
the Geriatric Anxiety Inventory and the Hospital Anxiety and Depression Scale-Anxiety.
Higher scores on the RAID scale are associated with increased levels of behavioral and
psychological symptoms of dementia and decreased QoL. In general, the RAID scale is
a valid measure of anxiety in dementia, supported by its face, convergent, and criterion
validity [88]. Alternative anxiety scales, such as the Hamilton Anxiety Rating Scale (HAM-
A), the Neuropsychiatric Inventory (NPI), and the State-Trait Anxiety Inventory (STAI),
have been utilized in other studies, in contrast to the non-RAID anxiety scales used in this
study. While the HAM-A is widely used and possesses good psychometric properties, it is
not specifically designed for individuals with dementia and may not effectively differentiate
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between anxiety and depression symptoms [89]. The NPI evaluates behavioral symptoms
but lacks a specific and refined measure of anxiety [90]. The STAI, while also widely used
with good psychometric properties, may be susceptible to response bias and unsuitable
for individuals with severe cognitive impairments [91]. In our analysis, we observed high
heterogeneity in these scales (k = 7, I2 = 76.86%, p < 0.001), but this did not impact the
collated analysis. In addition, other important and interesting findings from our secondary
outcome are that significant improvements were reported in both depression and agitation
in dementia. Depression often coexists with anxiety in clinical settings [92], and previous
research has explored the potential benefits of using MI to alleviate depressive and anxious
symptoms in individuals with dementia [93–96]. On the other hand, our finding regarding
agitation aligns with the results of a previous meta-analysis [93]. It has been suggested that
these effects may be attributed to PMT, which involves singing and listening to music to
alleviate symptoms. However, the study’s sample size exploring this effect was limited,
and further research is necessary to extend and expand upon these findings.

Strength and Limitation

This study is characterized by two key features. Firstly, a comparative analysis was
conducted using data collected from the baseline and post-intervention phases, which
allowed for a more precise estimation and assessment of the study’s objectives. Secondly,
the sample size of the included studies was significantly larger than previous meta-analyses
that focused on patients with dementia [25,97,98]. These advantages are expected to
enhance the accuracy of the results. However, this study had several limitations. Firstly,
the inclusion of additional keywords in the search strategy, such as “singing” or “move
rhythm,” may potentially allow more studies to be included. Secondly, future investigations
could consider conducting more specific analyses of the MI function, despite the Mixed
major dementia type. Moreover, length and frequency of the MI should be considered
and analyzed. Thirdly, the identification of double-blind RCTs is relatively challenging
due to the characteristics of MI, which may indicate a higher risk. Fourthly, although
efforts were made to address the high heterogeneity in the subgroup analysis, there was
still considerable variation, suggesting the need for further exploration of other factors.
Lastly, the exclusion of active control, i.e., control groups that involve any component of the
accepted music, including rhythm, melody, and harmony, may have led to overestimation
of the effectiveness of MI. A more comprehensive study design, including active control,
should be considered in future investigation.

5. Conclusions

This study provides supportive evidence that MI is an effective strategy for reducing
anxiety symptoms in dementia patients. The consensus of practice guidelines and standard-
ized training of MI needs to be established to translate the research findings into clinical
applications for anxiety in dementia patients in clinical settings.
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cochrane collaboration’s tool for assessing risk of bias in randomised trials. BMJ 2011, 343, d5928. [CrossRef]

28. Higgins, J.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.; Welch, V.A. Cochrane Handbook for Systematic Reviews of
Interventions; Version 6.2. Hg. V. Cochrane; John Wiley & Sons: Hoboken, NJ, USA, 2022.

29. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Academic Press: Cambridge, MA, USA, 2013.
30. Egger, M.; Smith, G.D.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ 1997, 315,

629–634. [CrossRef]
31. Cheung, D.S.K.; Lai, C.K.Y.; Wong, F.K.Y.; Leung, M.C.P. The effects of the music-with-movement intervention on the cognitive

functions of people with moderate dementia: A randomized controlled trial. Aging Ment. Health 2018, 22, 306–315. [CrossRef]
32. Cheung, D.S.K.; Ho, L.Y.W.; Chan, L.C.K.; Kwok, R.K.H.; Lai, C.K.Y. A home-based dyadic music-with-movement intervention

for people with dementia and caregivers: A hybrid type 2 cluster-randomized effectiveness-implementation design. Clin. Interv.
Aging 2022, 17, 1199–1216. [CrossRef]

33. Cooke, M.L.; Moyle, W.; Shum, D.H.; Harrison, S.D.; Murfield, J.E. A randomized controlled trial exploring the effect of music on
agitated behaviours and anxiety in older people with dementia. Aging Ment. Health 2010, 14, 905–916. [CrossRef]

34. Delphin-Combe, F.; Rouch, I.; Martin-Gaujard, G.; Relland, S.; Krolak-Salmon, P. Effect of a Non-Pharmacological Intervention,
Voix d’or(®), on Behavior Disturbances in Alzheimer Disease and Associated Disorders. Geriatr Psychol Neuropsychiatr Vieil 11
(2013): 323–330. Available online: http://www.jle.com/fr/revues/gpn/e-docs/effet_dune_intervention_non_medicamenteuse_
voix_dor_sur_les_troubles_du_comportement_dans_la_maladie_dalzheimer_ou_une_maladie_apparentee_297882/article.
phtml. (accessed on 17 August 2023).

35. Dimitriou, T.D.; Verykouki, E.; Papatriantafyllou, J.; Konsta, A.; Kazis, D.; Tsolaki, M. Non-pharmacological interventions for
the anxiety in patients with dementia. A cross-over randomised controlled trial. Behav. Brain Res. 2020, 390, 112617. [CrossRef]
[PubMed]

36. Giovagnoli, A.R.; Manfredi, V.; Parente, A.; Schifano, L.; Oliveri, S.; Avanzini, G. Cognitive training in Alzheimer’s disease: A
controlled randomized study. Neurol. Sci. 2017, 38, 1485–1493. [CrossRef] [PubMed]

37. Guétin, S.; Portet, F.; Picot, M.C.; Pommié, C.; Messaoudi, M.; Djabelkir, L.; Olsen, A.L.; Cano, M.M.; Lecourt, E.; Touchon, J. Effect
of music therapy on anxiety and depression in patients with alzheimer’s type dementia: Randomised, controlled study. Dement.
Geriatr. Cogn. Disord. 2009, 28, 36–46. [CrossRef] [PubMed]

38. Liu, M.N.; Liou, Y.J.; Wang, W.C.; Su, K.C.; Yeh, H.L.; Lau, C.I.; Hu, L.Y.; Tsai, S.J.; Chen, H.Y. Group music intervention using
percussion instruments to reduce anxiety among elderly male veterans with alzheimer disease. Med. Sci. Monit. 2021, 27, e928714.
[CrossRef] [PubMed]

39. Pongan, E.; Tillmann, B.; Leveque, Y.; Trombert, B.; Getenet, J.C.; Auguste, N.; Dauphinot, V.; El Haouari, H.; Navez, M.; Dorey,
J.M.; et al. Can musical or painting interventions improve chronic pain, mood, quality of life, and cognition in patients with mild
alzheimer’s disease? Evidence from a randomized controlled trial. J. Alzheimers Dis. 2017, 60, 663–677. [CrossRef] [PubMed]

40. Raglio, A.; Bellelli, G.; Traficante, D.; Gianotti, M.; Ubezio, M.C.; Villani, D.; Trabucchi, M. Efficacy of music therapy in the
treatment of behavioral and psychiatric symptoms of dementia. Alzheimer Dis. Assoc. Disord. 2008, 22, 158–162. [CrossRef]

41. Sánchez, A.; Maseda, A.; Marante-Moar, M.P.; de Labra, C.; Lorenzo-López, L.; Millán-Calenti, J.C. Comparing the effects of
multisensory stimulation and individualized music sessions on elderly people with severe dementia: A randomized controlled
trial. J. Alzheimers Dis. 2016, 52, 303–315. [CrossRef]

42. Sung, H.-C.; Chang, A.M.; Lee, W.-L. A preferred music listening intervention to reduce anxiety in older adults with dementia in
nursing homes. J. Clin. Nurs. 2010, 19, 1056–1064. [CrossRef]

43. Sung, H.-C.; Lee, W.-L.; Li, T.-L.; Watson, R. A group music intervention using percussion instruments with familiar music to
reduce anxiety and agitation of institutionalized older adults with dementia. Int. J. Geriatr. Psychiatry 2012, 27, 621–627. [CrossRef]

44. Duval, S.; Tweedie, R. Trim and fill: A simple funnel-plot–based method of testing and adjusting for publication bias in
meta-analysis. Biometrics 2000, 56, 455–463. [CrossRef]

https://doi.org/10.1016/j.psychres.2021.114137
https://doi.org/10.1196/annals.1360.023
https://www.ncbi.nlm.nih.gov/pubmed/16597779
https://doi.org/10.1002/14651858.CD003477.pub4
https://www.ncbi.nlm.nih.gov/pubmed/30033623
https://doi.org/10.1016/j.jamda.2017.12.009
https://doi.org/10.1111/jocn.12976
https://www.ncbi.nlm.nih.gov/pubmed/26299594
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://www.ncbi.nlm.nih.gov/pubmed/19622511
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1080/13607863.2016.1251571
https://doi.org/10.2147/CIA.S370661
https://doi.org/10.1080/13607861003713190
http://www.jle.com/fr/revues/gpn/e-docs/effet_dune_intervention_non_medicamenteuse_voix_dor_sur_les_troubles_du_comportement_dans_la_maladie_dalzheimer_ou_une_maladie_apparentee_297882/article.phtml.
http://www.jle.com/fr/revues/gpn/e-docs/effet_dune_intervention_non_medicamenteuse_voix_dor_sur_les_troubles_du_comportement_dans_la_maladie_dalzheimer_ou_une_maladie_apparentee_297882/article.phtml.
http://www.jle.com/fr/revues/gpn/e-docs/effet_dune_intervention_non_medicamenteuse_voix_dor_sur_les_troubles_du_comportement_dans_la_maladie_dalzheimer_ou_une_maladie_apparentee_297882/article.phtml.
https://doi.org/10.1016/j.bbr.2020.112617
https://www.ncbi.nlm.nih.gov/pubmed/32428636
https://doi.org/10.1007/s10072-017-3003-9
https://www.ncbi.nlm.nih.gov/pubmed/28577267
https://doi.org/10.1159/000229024
https://www.ncbi.nlm.nih.gov/pubmed/19628939
https://doi.org/10.12659/MSM.928714
https://www.ncbi.nlm.nih.gov/pubmed/33611334
https://doi.org/10.3233/JAD-170410
https://www.ncbi.nlm.nih.gov/pubmed/28922159
https://doi.org/10.1097/WAD.0b013e3181630b6f
https://doi.org/10.3233/JAD-151150
https://doi.org/10.1111/j.1365-2702.2009.03016.x
https://doi.org/10.1002/gps.2761
https://doi.org/10.1111/j.0006-341X.2000.00455.x


J. Clin. Med. 2023, 12, 5497 15 of 16

45. Matziorinis, A.M.; Koelsch, S. The promise of music therapy for alzheimer’s disease: A review. Ann. N. Y. Acad. Sci. 2022, 1516,
11–17. [CrossRef]

46. Calsolaro, V.; Femminella, G.D.; Rogani, S.; Esposito, S.; Franchi, R.; Okoye, C.; Rengo, G.; Monzani, F. Behavioral and
psychological symptoms in dementia (bpsd) and the use of antipsychotics. Pharmaceuticals 2021, 14, 246. [CrossRef]

47. Nguyen, K.T.; Xiao, J.; Chan, D.N.S.; Zhang, M.; Chan, C.W.H. Effects of music intervention on anxiety, depression, and quality of
life of cancer patients receiving chemotherapy: A systematic review and meta-analysis. Support. Care Cancer 2022, 30, 5615–5626.
[CrossRef] [PubMed]

48. Coulton, S.; Clift, S.; Skingley, A.; Rodriguez, J. Effectiveness and cost-effectiveness of community singing on mental health-related
quality of life of older people: Randomised controlled trial. Br. J. Psychiatry 2015, 207, 250–255. [CrossRef] [PubMed]

49. Jiang, J.; Rickson, D.; Jiang, C. The mechanism of music for reducing psychological stress: Music preference as a mediator. Arts
Psychother. 2016, 48, 62–68. [CrossRef]

50. Swaminathan, S.; Schellenberg, E.G. Current emotion research in music psychology. Emot. Rev. 2015, 7, 189–197. [CrossRef]
51. Watkins, G.R. Music therapy: Proposed physiological mechanisms and clinical implications. Clin. Nurse Spec. 1997, 11, 43–50.

[CrossRef] [PubMed]
52. Karageorghis, C.I.; Bruce, A.C.; Pottratz, S.T.; Stevens, R.C.; Bigliassi, M.; Hamer, M. Psychological and Psychophysiological Effects of

Recuperative Music Postexercise; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2018.
53. Ellis, R.J.; Thayer, J.F. Music and autonomic nervous system (dys) function. Music. Percept. 2010, 27, 317–326. [CrossRef]
54. Pohjavaara, P.; Telaranta, T.; Väisänen, E. The role of the sympathetic nervous system in anxiety: Is it possible to relieve anxiety

with endoscopic sympathetic block? Nord. J. Psychiatry 2003, 57, 55–60. [CrossRef] [PubMed]
55. Faulkner, S. Rhythm to Recovery: A Practical Guide to using Rhythmic Music, Voice and Movement for Social and Emotional Development;

Jessica Kingsley Publishers: London, UK, 2016.
56. Speranza, L.; Pulcrano, S.; Perrone-Capano, C.; di Porzio, U.; Volpicelli, F. Music affects functional brain connectivity and is

effective in the treatment of neurological disorders. Rev. Neurosci. 2022, 33, 789–801. [CrossRef]
57. Koelsch, S.; Siebel, W.A. Towards a neural basis of music perception. Trends Cogn. Sci. 2005, 9, 578–584. [CrossRef]
58. Sittler, M.C.; Worschech, F.; Wilz, G.; Fellgiebel, A.; Wuttke-Linnemann, A. Psychobiological mechanisms underlying the health-

beneficial effects of music in people living with dementia: A systematic review of the literature. Physiol. Behav. 2021, 233, 113338.
[CrossRef]

59. Flo, B.K.; Matziorinis, A.M.; Skouras, S.; Sudmann, T.T.; Gold, C.; Koelsch, S. Study protocol for the alzheimer and music therapy
study: An rct to compare the efficacy of music therapy and physical activity on brain plasticity, depressive symptoms, and
cognitive decline, in a population with and at risk for alzheimer’s disease. PLoS ONE 2022, 17, e0270682. [CrossRef] [PubMed]

60. Särkämö, T.; Tervaniemi, M.; Huotilainen, M. Music perception and cognition: Development, neural basis, and rehabilitative use
of music. Wiley Interdiscip. Rev. Cogn. Sci. 2013, 4, 441–451. [CrossRef]

61. Du, J.; Shi, P.; Fang, F.; Yu, H. Effect of music intervention on subjective scores, heart rate variability, and prefrontal hemodynamics
in patients with chronic pain. Front. Hum. Neurosci. 2022, 16, 1057290. [CrossRef] [PubMed]

62. Yao, Y.; He, H.; Duan, M.; Li, S.; Li, C.; Chen, X.; Yao, G.; Chang, X.; Shu, H.; Wang, H.; et al. The effects of music intervention on
pallidum-dmn circuit of schizophrenia. BioMed Res. Int. 2020, 2020, 107065. [CrossRef] [PubMed]

63. Yang, M.; He, H.; Duan, M.; Chen, X.; Chang, X.; Lai, Y.; Li, J.; Liu, T.; Luo, C.; Yao, D. The effects of music intervention on
functional connectivity strength of the brain in schizophrenia. Neural Plast. 2018, 2018, 2821832. [CrossRef]

64. Satoh, M.; Yuba, T.; Tabei, K.I.; Okubo, Y.; Kida, H.; Sakuma, H.; Tomimoto, H. Music therapy using singing training improves
psychomotor speed in patients with alzheimer’s disease: A neuropsychological and fmri study. Dement. Geriatr. Cogn. Disord.
Extra 2015, 5, 296–308. [CrossRef]

65. Feng, K.; Shen, C.-Y.; Ma, X.-Y.; Chen, G.-F.; Zhang, M.-L.; Xu, B.; Liu, X.-M.; Sun, J.-J.; Zhang, X.-Q.; Liu, P.-Z.; et al. Effects of
music therapy on major depressive disorder: A study of prefrontal hemodynamic functions using fnirs. Psychiatry Res. 2019, 275,
86–93. [CrossRef]

66. Chatterjee, D.; Hegde, S.; Thaut, M. Neural plasticity: The substratum of music-based interventions in neurorehabilitation.
NeuroRehabilitation 2021, 48, 155–166. [CrossRef]

67. Koelsch, S. A coordinate-based meta-analysis of music-evoked emotions. NeuroImage 2020, 223, 117350. [CrossRef]
68. Bhargav, H.; George, S.; Varambally, S.; Gangadhar, B.N. Yoga and psychiatric disorders: A review of biomarker evidence. Int.

Rev. Psychiatry 2021, 33, 162–169. [CrossRef] [PubMed]
69. Xianjian, C.; Datao, X. Effects of tai chi chuan on the physical and mental health of the elderly: A systematic review. Phys. Act.

Health 2021, 5. [CrossRef]
70. Bai, H.; Xu, S.; Wu, Q.; Xu, S.; Sun, K.; Wu, J.; Xia, X.; Liu, Y.; Zhang, H.; Lu, S. Clinical events associated with acupuncture

intervention for the treatment of chronic inflammation associated disorders. Mediat. Inflamm. 2020, 2020, 2675785. [CrossRef]
71. Okada, K.; Kurita, A.; Takase, B.; Otsuka, T.; Kodani, E.; Kusama, Y.; Atarashi, H.; Mizuno, K. Effects of music therapy on

autonomic nervous system activity, incidence of heart failure events, and plasma cytokine and catecholamine levels in elderly
patients with cerebrovascular disease and dementia. Int. Heart J. 2009, 50, 95–110. [CrossRef]

72. Kimura, L.F.; Novaes, L.S.; Picolo, G.; Munhoz, C.D.; Cheung, C.W.; Camarini, R. How environmental enrichment balances
out neuroinflammation in chronic pain and comorbid depression and anxiety disorders. Br. J. Pharmacol. 2022, 179, 1640–1660.
[CrossRef]

https://doi.org/10.1111/nyas.14864
https://doi.org/10.3390/ph14030246
https://doi.org/10.1007/s00520-022-06881-2
https://www.ncbi.nlm.nih.gov/pubmed/35129666
https://doi.org/10.1192/bjp.bp.113.129908
https://www.ncbi.nlm.nih.gov/pubmed/26089304
https://doi.org/10.1016/j.aip.2016.02.002
https://doi.org/10.1177/1754073914558282
https://doi.org/10.1097/00002800-199703000-00003
https://www.ncbi.nlm.nih.gov/pubmed/9233140
https://doi.org/10.1525/mp.2010.27.4.317
https://doi.org/10.1080/08039480310000266
https://www.ncbi.nlm.nih.gov/pubmed/12745792
https://doi.org/10.1515/revneuro-2021-0135
https://doi.org/10.1016/j.tics.2005.10.001
https://doi.org/10.1016/j.physbeh.2021.113338
https://doi.org/10.1371/journal.pone.0270682
https://www.ncbi.nlm.nih.gov/pubmed/35771851
https://doi.org/10.1002/wcs.1237
https://doi.org/10.3389/fnhum.2022.1057290
https://www.ncbi.nlm.nih.gov/pubmed/36466624
https://doi.org/10.1155/2020/4107065
https://www.ncbi.nlm.nih.gov/pubmed/33015164
https://doi.org/10.1155/2018/2821832
https://doi.org/10.1159/000436960
https://doi.org/10.1016/j.psychres.2019.03.015
https://doi.org/10.3233/NRE-208011
https://doi.org/10.1016/j.neuroimage.2020.117350
https://doi.org/10.1080/09540261.2020.1761087
https://www.ncbi.nlm.nih.gov/pubmed/32401080
https://doi.org/10.5334/paah.70
https://doi.org/10.1155/2020/2675785
https://doi.org/10.1536/ihj.50.95
https://doi.org/10.1111/bph.15584


J. Clin. Med. 2023, 12, 5497 16 of 16

73. Raglio, A.; Filippi, S.; Bellandi, D.; Stramba-Badiale, M. Global music approach to persons with dementia: Evidence and practice.
Clin. Interv. Aging 2014, 1669–1676. [CrossRef] [PubMed]

74. Raglio, A.; Bellandi, D.; Baiardi, P.; Gianotti, M.; Ubezio, M.C.; Zanacchi, E.; Granieri, E.; Imbriani, M.; Stramba-Badiale, M. Effect
of active music therapy and individualized listening to music on dementia: A multicenter randomized controlled trial. J. Am.
Geriatr. Soc. 2015, 63, 1534–1539. [CrossRef]

75. Nair, B.R.; Browne, W.; Marley, J.; Heim, C. Music and dementia. Degener. Neurol. Neuromuscul. Dis. 2013, 47–51. [CrossRef]
76. Dingle, G.A.; Sharman, L.S.; Bauer, Z.; Beckman, E.; Broughton, M.; Bunzli, E.; Davidson, R.; Draper, G.; Fairley, S.; Farrell, C.; et al.

How do music activities affect health and well-being? A scoping review of studies examining psychosocial mechanisms. Front.
Psychol. 2021, 12, 713818. [CrossRef]

77. Yehuda, N. Music and stress. J. Adult Dev. 2011, 18, 85–94. [CrossRef]
78. Brancatisano, O.; Baird, A.; Thompson, W.F. Why is music therapeutic for neurological disorders? The therapeutic music

capacities model. Neurosci. Biobehav. Rev. 2020, 112, 600–615. [CrossRef]
79. Vink, A.C.; Bruinsma, M.S.; Scholten, R.J. Music therapy for people with dementia. Cochrane Database Syst. Rev. 2003.
80. Wall, M.; Duffy, A. The effects of music therapy for older people with dementia. Br. J. Nurs. 2010, 19, 108–113. [CrossRef]
81. Koger, S.M.; Chapin, K.; Brotons, M. Is music therapy an effective intervention for dementia? A meta-analytic review of literature.

J. Music. Ther. 1999, 36, 2–15. [CrossRef]
82. Krout, R.E. Music listening to facilitate relaxation and promote wellness: Integrated aspects of our neurophysiological responses

to music. Arts Psychother. 2007, 34, 134–141. [CrossRef]
83. Garrido, S.; Stevens, C.J.; Chang, E.; Dunne, L.; Perz, J. Music and Dementia: Individual Differences in Response to Personalized

Playlists. J. Alzheimer’s Dis. 2018, 64, 933–941. [CrossRef]
84. Pavlicevic, M. Groups in Music: Strategies from Music Therapy; Jessica Kingsley Publishers: London, UK, 2003.
85. Carroll, D.; Lefebvre, C. Clinical Improvisation Techniques in Music Therapy: A Guide for Students, Clinicians and Educators; Charles C

Thomas Publisher: Springfield, IL, USA, 2013.
86. Lee, C. The analysis of therapeutic improvisatory music. In Art and Music: Therapy and Research; Routledge: London, UK, 2019;

pp. 35–50.
87. Goodarzi, Z.; Samii, L.; Azeem, F.; Sekhon, R.; Crites, S.; Pringsheim, T.; Smith, E.E.; Ismail, Z.; Holroyd-Leduc, J. Detection

of anxiety symptoms in persons with dementia: A systematic review. Alzheimer’s Dementia Diagn. Assess. Dis. Monit. 2019, 11,
340–347. [CrossRef]

88. Snow, A.L.; Huddleston, C.; Robinson, C.; Kunik, M.E.; Bush, A.L.; Wilson, N.; Calleo, J.; Paukert, A.; Kraus-Schuman, C.;
Petersen, N.J.; et al. Psychometric properties of a structured interview guide for the rating for anxiety in dementia. Aging Ment.
Health 2012, 16, 592–602. [CrossRef]

89. Koerner, N.; Antony, M.M.; Dugas, M.J. Limitations of the hamilton anxiety rating scale as a primary outcome measure in
randomized, controlled trials of treatments for generalized anxiety disorder. Am. J. Psychiatry 2010, 167, 103–104. [CrossRef]

90. Cummings, J.L. The neuropsychiatric inventory: Assessing psychopathology in dementia patients. Neurology 1997, 48, 10S–16S.
[CrossRef]

91. Fernández-Blázquez, M.; Ávila-Villanueva, M.; López-Pina, J.; Zea-Sevilla, M.; Frades-Payo, B. Psychometric properties of a new
short version of the state-trait anxiety inventory (stai) for the assessment of anxiety in the elderly. Neurol. (Engl. Ed.) 2015, 30,
352–358. [CrossRef]
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