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Abstract

Objectives

To examine randomized controlled trials with active music-making interventions, in which older adults with probable mild
cognitive impairment (MCI) or dementia physically participate in music, and their effects on cognitive functioning, emotional
well-being, and social engagement. Participating in music-making is engaging and has shown diverse benefits. Additionally,
this review categorized the music activities of each intervention.

Design

Systematic review and meta-analysis.

Setting

Long-term care facilities, day centers, specialty outpatient units, and community.

Methods

Published randomized controlled trials of active music-making interventions to support older adults with probable MCI or
dementia were identified (to March 15, 2021) using searches on Medline (Ovid), APA PsycInfo (Ovid), CINAHL (Ebsco), and
Embase (Elsevier). The outcomes were cognitive functioning, emotional well-being, and social engagement, including self-
and clinician-reported measures such as the Mini-Mental State Examination, Positive and Negative Affect Schedule, and the
Beck Depression Inventory. Studies were critically appraised and studies with similar methodology were meta-analyzed.

Participants

Older adults with probable MCI and mild or moderate dementia.

Results

A total of 21 studies with 1472 participants were analyzed for potential effect sizes and intervention activities. Of the 21
studies, nine studies recruiting a total of 495 participants were used to produce a random-effects meta-analytic model for
cognitive functioning. Music showed a small, positive effect on cognitive functioning; the combined standard mean
difference for the experimental and control group was 0.31 (95% confidence interval [CI] 0.10, 0.52). There was low study
heterogeneity, with an I  of 25% (p = 0.004). Individual studies for emotional well-being in terms of quality of life and mood
showed positive effect sizes, d = 1.08 and d = 1.74, respectively.
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Conclusion

This review shows that music-making has a small but statistically significant effect on cognitive functioning for older adults
with probable MCI or dementia. Future music interventions can benefit from rigorous intervention protocols that isolate
specific activities.

KKeeyy  PPooiinnttss
Music had a significant effect on cognitive functioning for older adults with probable MCI or dementia.

Music showed promise to support quality of life and mood.



WWhhyy  DDooeess  tthhiiss  PPaappeerr  MMaatttteerr??
Music positively impacts the crucial outcome of cognitive functioning for older adults with probable MCI or dementia.

IINNTTRROODDUUCCTTIIOONN
Dementia is a debilitating disease that can dramatically alter the cognitive, emotional, and social aspects of a person's life.
Worldwide, around 50 million people have dementia. That number is projected to rise to 152 million people by 2050.
Additionally, 15% of older adults without Alzheimer's disease likely have mild cognitive impairment (MCI),  a preclinical state
between normal cognitive aging and Alzheimer's disease. Up to 38% of these adults will go on to develop Alzheimer's within 5 
years.  The early stages of dementia and Alzheimer's can have devastating outcomes, including cognitive decline,  changes in
emotional regulation,  and decreased social engagement.

Supporting these consequences of the disease is critical; these same factors may be protective of cognitive decline and slow
the progression of the disease, though best strategies are still being discovered. Participating in cognitive activities are
associated with a delayed onset of memory decline,  factors of emotional well-being such as improved quality of life have been
associated with improved cognitive functioning,  and social engagement may be mentally stimulating and delay cognitive
decline.

Music is an intervention that has shown potential to influence critical outcomes but could benefit from clearer reporting of its
specific music activities. Previous reporting of music interventions' activities lacked precision. Music interventions were
categorized in one of two ways: as either active, in which participants are actively participating in the music-making process, or
receptive/passive, in which they are listening to music, typically for relaxation or changes to mood.  There was often a lack
of reporting clarity as to specific music activities utilized, leaving future researchers unable to duplicate the intervention or
understand what activities may have caused the effect. A more detailed categorization system, the reporting guidelines for
music-based interventions, identifies activities such as learning a previously composed song or improvising new music.
Little research employs these guidelines to classify music interventions for older adults with MCI or dementia.

The objective of this systematic review and meta-analysis is to assess the effects of active music-making interventions, as
defined by “physically participating in music,” compared to controls on cognitive functioning, emotional well-being, and social
engagement for older adults with probable MCI and mild or moderate dementia. Additionally, this review will examine and
categorize the specific music activities employed by each intervention.
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MMEETTHHOODDSS
Protocol and registration

This systematic review and meta-analysis followed the publishing guidelines as set forth by Preferred Reporting Items for
Systematic Review and Meta-Analysis  and was registered with PROSPERO (registration number CRD 420201167390).

Eligibility criteria

Eligibility criteria and methods of analysis were determined a priori and were included in the protocol. Required studies had to
focus on active music-making interventions with participants over 65 who have probably MCI or dementia. This was defined by
either a clinical diagnosis of MCI and mild or moderate dementia and/or scores between (and including) 13 and 26 on the Mini-
Mental State Examination, excluding severe dementia with scores lower than 13.  The intervention had to be based on
active music-making; those interventions that were both active music-making and pharmacological were excluded in the search
strategy. Lastly, outcomes reported must have included cognitive functioning, emotional well-being, and social engagement.
Assessments included clinical and self-report measures. Emotional well-being was defined by the domains of quality of life,
mood, depression, and anxiety. Only randomized controlled trials reported in English-language journals and published 2000
through 2021 were included; comments, editorials, dissertations, conference proceedings, and others were excluded.
Nonrandomized trials and other interventions as well as cross-sectional, case–control, cohort studies, and cases reports were
excluded.

Information sources

APA PsycInfo (Ovid), Medline (Ovid), Embase (Ovid), and CINAHL (Ebsco) were searched; a health sciences librarian with
systematic review experience developed all searches (Helena M. VonVille).  The date of the last search was March 15, 2021.
Concepts that made up the searches were: cognitive decline, older adults, and music therapy. A combination of American
Psychological Association thesaurus terms and title, abstract, and keywords were used to develop the initial PsycINFO search
which was checked against a known set of studies. The search was then adapted to search other databases. A sample search
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strategy and date searched for each database can be found in Figure SS11.

Bibliographies of relevant articles were examined by the first author for studies not found through database searches. EndNote
(Clarivate) was used to store all citations found in the search process and to check for duplicates. Search strategies and results
were tracked using an Excel workbook designed specifically for this purpose.

Study selection

Study selection was conducted in EndNote. Two authors (Jennie L. Dorris, Juleen Rodakowski) independently reviewed articles
and held weekly meetings to resolve issues. Discrepancies were resolved through team discussion.

Two authors (Jennie L. Dorris, Stephen Neely) met to compare studies based on characteristics of the interventions and
analyzed the music intervention components to confirm they were conceptually similar for the meta-analysis. An author (Jennie
L. Dorris) analyzed the studies for similar risk of bias using the revised Cochrane risk-of-bias tool (RoB2) for randomized trials.

Data collection process

Data were extracted; authors were contacted to obtain and confirm data. Data were extracted on the basis of study
characteristics (type of study, year published, author, name of study), population characteristics (mean age and gender),
disease severity (MCI and mild or moderate dementia), intervention content as specified by Robb,  interventionist training,
duration, frequency, sample sizes, and outcome measures in global cognitive functioning, emotional well-being, and social
engagement, as defined by social connection and/or support. Due to the known heterogeneity of the music intervention
protocols, cognitive functioning was assessed globally. Data were collected at post-assessments, immediately following the
intervention. The studies were summarized according to the abstraction process listed earlier.

Assessment of risk of bias

Each of the included studies was assessed for its risk of bias in terms of random sequence generation, allocation concealment,
baseline differences between groups, blinding of participants and personnel during the trial, measurement of the outcome,
incomplete outcome data, and selective reporting. The criteria used for judging each item were based on those provided in the
RoB2 for randomized trials.  Using the RoB2 allowed for better representation of the risk of trials where blinding the
participants to the interventions, for example, is an impossibility.

Summary measures

Studies were categorized by type of music activity. Effect sizes were calculated if means and standard deviations were
included; if not, authors were contacted via email to obtain the information. Cohen's criteria was used for standardized mean
differences (SMDs ≥0.20 and <0.50 are considered small, SMDs ≥0.50 and <0.8 are considered medium, and SMD ≥0.8 is
considered large).  The software “RevMan 5.4”  was utilized to calculate the SMD between the experimental and control
groups of each study included in the meta-analysis.

Selection for meta-analysis

Studies were selected due to using active music-making interventions, utilizing similar study designs, and employing similar
outcome measures. Where applicable, the team selected the more active of the two control groups as the comparison group,
such as exercise, an emerging potent modality that may be synergistic to understanding music's potential. The team selected
only studies which randomized by the individual to include in the meta-analysis. The research team evaluated the treatment
effects using random-effects models because the intention was generalization inference, there were more than five studies, and
the research team believed that each study was estimating a different underlying true effect.  The I  test  was used to
evaluate heterogeneity, and funnel plots were used to evaluate publication bias.

19

20

13, 14

20

21 22

23 2 24

RREESSUULLTTSS
Study identification and selection

The results of the search strategy are listed in Figure 11. The systematic literature search identified 339 records, and an
additional 12 records were identified through published, relevant systematic reviews. After duplicates were removed, 345
records were considered. Of these, 21 studies (22 papers) met the eligibility requirements and were included in the systematic
review, and nine studies were included in the meta-analysis.



FFIIGGUURREE  11 OOppeenn  iinn  ffiigguurree  vviieewweerr #PPoowweerrPPooiinntt

Preferred Reporting Items for Systematic Review and Meta-Analysis flowchart

Characteristics of the studies

A summary of the 21 studies is presented in Table SS11.

Participants

The 21 studies included 1472 participants. Trials were published from 2010 to 2021. The mean age in studies ranged from
68.9  to 87.9  years old. See Table SS11.

Study design

All studies were randomized control trials. Three studies utilized cluster randomization,  while the rest randomized by the
individual participant. Two were multicenter designs  and two were cross-over designs.

Intervention

Consensus was reached that all studies included active music-making, as defined by “physically participating in music.” Musical
training did not influence recruitment or volunteering of participants. Interventions ranged in duration from 4 weeks  to 40 
weeks.  Sessions were from 30 min  to 2 h  in length and happened from once a week  to five times a
week.  The interventionists were all specialists but ranged in experience from psychologists with musical expertise
to music therapists,  occupational therapists,  and professional musicians.  In
terms of Robb's reporting guidelines,  seven studies utilized listening, 17 studies utilized Re-Creating Music by
Singing/Playing Instruments, 10 utilized Improvisation, six utilized Movement, one utilized Imagery, one utilized Breathing
Entrainment, and two had other characteristics: Ceccato  created attention exercises where participants reacted to a
stimulus, such as clapping when hearing a drum but refraining when hearing a drum preceded by a cymbal, and Chen and Pei
created dual task training, where participants cued their sound from different stimuli. See Table SS44.

Methodological quality of studies

Of the 21 trials included, 18 trials were found to be low risk,  and three had “some concerns” (see
Table SS22). Three out of the 21 trials did not clearly indicate if the allocation concealment used a remote or external party to
allocate interventions to the participants, and thus were classified as “no information.”  In addition, one study used
randomization sequence generation, but the randomization procedure was unclear.

Outcomes

For studies assessing global cognitive functioning, 11 studies utilized the Mini-Mental State Examination.
 Two studies utilized the Korean Mini-Mental State Examination,  one study used the Frontal Assessment Battery,  one

used the Alzheimer's Disease Assessment Scale cognitive subscale,  and one study used the Cognitive Mini Examination.

Emotional well-being was parsed into the categories of quality of life, mood, depression, and anxiety. For studies assessing

25 26

27-29

30, 31 32, 33

26, 32

34 27, 35, 36 30 27, 30, 34, 37-40

32, 41, 42 43, 44

26-28, 31, 32, 35-38, 41, 45, 46 32, 41, 42 29, 30, 33, 34, 38, 40

13, 14

31

37

25-28, 30-35, 37, 38, 43-48

29, 41, 42

29

25, 29, 31, 34, 35, 38, 43-46,

48 41, 42 30

30, 48 32



quality of life, four studies utilized the Quality of Life in Alzheimer's Disease Questionnaire,  one used the Geriatric
Quality of Life-Dementia,  and one used EQ-5D.  For studies assessing mood, one study used the Positive and Negative
Affect Schedule,  one study used the Cornell Brown Scale-Mood Related Signs,  and the last utilized the Participation
Engagement Observation Checklist.  Eleven studies measured depression; one used the Beck Depression Inventory,  one used
the Depression subscale of the Neuropsychiatric Inventory Questionnaire,  one used the Cornell Scale for Depression,  one
used the depression subscale of the Hospital Anxiety and Depression Scale,  one used the Short-Form Geriatric Depression
Scale-K,  and six used the Geriatric Depression Scale.  Five studies assessed anxiety; two used the State Trait
Anxiety Inventory,  one used the anxiety subscale of the Hospital Anxiety and Depression Scale,  one used the Hamilton
Anxiety Rating Scale,  and one used the Anxiety subscale of the Neuropsychiatric Inventory Questionnaire.  Social connection
was measured in two studies, and both utilized the Lubben Social Network Scale.

Effect of music in older adults with probable MCI or dementia

MMeettaa--aannaallyyssiiss  ooff  ccooggnniittiivvee  ffuunnccttiioonniinngg

Of the 21 studies, nine studies recruiting a total of 495 participants were used to produce a random-effects meta-analytic
model for cognitive functioning. The combined SMD for the experimental and control group was 0.31, (95% confidence interval
[CI] 0.10, 0.52; Figure 22). There was low study heterogeneity, with an I  of 25% (p = 0.004). In assessing the symmetry of
the studies' funnel plots, publication bias was not detected.

FFIIGGUURREE  22 OOppeenn  iinn  ffiigguurree  vviieewweerr #PPoowweerrPPooiinntt

Forest plot to illustrate the standardized mean difference (SMD) of active music intervention compared to control groups on changes in global cognitive

functioning [Color figure can be viewed at wileyonlinelibrary.com]

Two studies were unable to be included. Chu  was unable to be included because its sample included mild, moderate, and
severe dementia. While means and standard deviations were broken out at the time point for those with mild and moderate
dementia, the N was not reported for these subgroups, and confidence intervals could not be computed. The study found
promising effect sizes: for mild dementia, d = 2.81, and for moderate dementia, d = 0.50. Satoh  was initially included but
removed post hoc due to its randomization on the cluster unit. Due to potential cluster effects, this study was omitted from the
analysis. The calculated effect size on the cluster level for the study was not initially promising, d = −0.14.

IInnddiivviidduuaall  ssttuuddiieess

QQuuaalliittyy  ooff  lliiffee

Single studies reported quality of life. Six studies had the appropriate data to calculate effect sizes, and higher scores were
better scores. Cho et al.  reported a large effect size (d = 0.86, 95% CI = 0.15, 1.53), as did Kim et al.  (d = 1.08, 95%
CI = 0.35, 1.76). Kim et al.  reported a very small effect size (d = 0.12, 95% CI = −0.37, 0.61). Pongan et al.  reported a
very small effect size (d = 0.04, 95% CI = −0.45, 0.52). Särkämö et al.  found a small negative effect (d = −0.30, 95%
CI = −0.81, 0.22), and Park et al.  found a large negative effect (d = −1.24, 95% CI = −2.14, −0.0.24).

MMoooodd

One study had data to calculate effect sizes but did not utilize a validated tool.  Two studies had the appropriate data to
calculate effect sizes, and for positive mood, high scores were better, and for negative mood, lower scores were better. Cho et
al.  found a large effect for increasing positive mood (d = 1.74, 95% CI = 0.92, 2.47) and a large effect for decreasing
negative mood (d = −1.01, 95% CI = −1.70, −0.30). Särkämö et al.  found no effect (d = 0.0, CI = −0.51, 0.51).

DDeepprreessssiioonn

Six studies had the appropriate data to calculate effect sizes, and depression was measured where lower scores were better
scores. Kim et al.  found a medium, bordering on large effect size, d = −0.75 (−1.42, −0.05), and Liu et al.  found a small
effect size, d = −0.25 (−0.80, 0.31). Giovagnoli et al.  did not find a positive effect, d = 0.77, 95% CI = 0.05, 1.44. In a
study the following year, Giovagnoli et al.  found a very small positive effect, d = −0.01, 95% CI = −0.60, 0.57. Kim et al.
found a very small positive effect, d = −0.05, 95% CI = −0.54, 0.44, and Park et al.  did not find positive effects, d = 0.89,
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95% CI = −0.07, 1.76.

AAnnxxiieettyy

Five studies had the appropriate data to measure effect sizes, and anxiety was measured where lower scores are better scores.
Liu et al.  found a large positive effect on anxiety, d = −1.71 (−2.33, −1.04). Giovagnoli et al.  did not see positive effects
on the State Trait Anxiety Y-1 (d = 0.08, 95% CI = −0.60, 0.75) or State Trait Anxiety Y-2 (d = 0.50, 95% CI = −0.20,
1.17). Giovagnoli et al.  did not see a positive effect, d = 0.23, 95% CI = −0.36, 0.81, and neither did Pongan et al.,
d = 0.42, 95% CI = −0.08, 0.90. Park et al. found a small positive effect on anxiety, d = −0.12, CI = −0.99, 0.76.

SSoocciiaall  eennggaaggeemmeenntt

Two studies had appropriate data to compute effect sizes; social engagement was measured where higher scores were better
scores. Giovagnoli et al.  did not find a positive effect (d = −0.91, 95% CI = −1.60, −0.19), and Giovagnoli et al.  also did
not find a positive effect (d = −0.69, 95% CI = −1.28, −0.08). See Table SS33 for all effect sizes.
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DDIISSCCUUSSSSIIOONN
The results of this meta-analysis showed that the cognitive functioning scores of older adults with probable MCI or dementia
who participated in active music-making were statistically significantly different than those who did not, with a small effect size.
This analysis demonstrates that active music-making is the key ingredient to elicit this effect. Further, all studies utilized either
Re-Creating Music by Singing/Playing Instruments or Improvisation. The study team acknowledges there could be a range of
contributing factors that lead someone to be diagnosed with MCI and mild or moderate dementia or have a Mini-Mental State
Examination (MMSE) score of 13–26. Despite the determining conditions, this preliminary study shows music demonstrated a
small but clinically meaningful effect in this diverse population showing similar states of decline. This is impactful for older adults
with dementia, their caregivers, their physicians, and those who provide wellness programming—to best support this vulnerable
time for cognitive functioning, music programs made for and offered to this population should consider including the active
music-making activities of (1) singing and/or playing precomposed songs and/or (2) creating music in the moment.

Two areas of emotional well-being that show early promise are quality of life and mood. We examined studies assessing quality
of life on the individual level. Of the six studies that assessed quality of life, four showed positive effects, ranging from a very
small effect size to a large one (d = 1.08). All interventions utilized Re-Creating Music by Singing/Playing Instruments. Music did
not show a positive effect on quality of life compared to physical exercise,  and music listening had more of an effect than
singing did in a single study.  In looking at individual studies that assessed mood, Cho et al.'s large effect on increasing positive
moods and decreasing negative moods is encouraging, though Särkämö et al.'s results were negligible. Both music interventions
assessing mood utilized Re-Creating Music by Singing/Playing Instruments. The positive effects sizes shown in quality of life and
mood make an argument that music, in particular interventions that utilize Re-Creating Music by Singing/Playing Instruments,
should be studied in the future as they may provide emotional support to older adults with probable MCI or dementia.

The findings for the effects of active music-making on depression were promising but uncertain. We analyzed six studies to
compute effect sizes. Four studies showed positive effect sizes; they were very small to medium in strength.  The music
interventions included Improvisation or Re-Creating Music by Singing/Playing Instruments; one study additionally included
Listening and Movement as smaller components.  Park et al.'s large effect sizes suggest that exercise may have a better
effect on depression than music, but the sample sizes in each group were small (n = 10). There is promise for future studies to
consider active music-making's effects on depression, potentially utilizing the activities of Improvisation and Re-Creating Music
by Singing/Playing Instruments.

The results for the effects of active music making and anxiety were unclear. Five studies measured anxiety, and two  found
a positive effects, one small (d = −0.12), one large (d = −1.71). The two studies by Giovagnoli et al. utilized the same music
protocol (using Improvisation), so more diverse protocol utilizing active music-making activities are needed to understand
music's effect on anxiety.

There is potential to better understand how music may affect social engagement. Two studies measuring social engagement
reported data for effect sizes, but the same researcher (Giovagnoli) did both studies utilizing a similar protocol that used
Improvisation. The effect sizes did not show initial promise for music to support social engagement, but sample sizes were
small.

It is critical for future researchers to utilize a standardized reporting system such as Robb's reporting guidelines.  With music
interventions being developed from a range of perspectives (psychologists, occupational therapists, and musicians), activities
must be clearly defined for future researchers to understand what musical mechanism may be causing the effect so that future
music interventions and programs can utilize these mechanisms to support older adults with probable MCI or dementia. In
addition, to better understand the effect of different music activities, there is the potential for subcategories to further define
the level of active engagement.
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Limitations

Future research will benefit from clear standards for determining MCI and mild or moderate dementia. We were limited by
incomplete data for reporting effect sizes on all studies. When future research reports music interventions in additional detail,
researchers will be able to better understand what music activities could support specific outcomes, such as cognitive domains.
Additionally, drugs or other therapies could be affecting the outcomes we found.

CCOONNCCLLUUSSIIOONN
This systematic review and meta-analysis shows that active music-making has a small but statistically significant effect on
cognitive functioning for older adults with probable MCI or dementia. Individual studies showed potential to have positive effects
on mood and quality of life. With an ever-increasing prevalence of dementia around the world, it is critical to identify affordable,
safe interventions to support affected older adults. Active music-making has shown to be an effective intervention; classifying
active music-making within Robb's reporting guidelines has created more clarity about the importance of Re-Creating Music by
Singing/Playing Instruments and Improvisation. Developing more interventions with these activities and offering these programs
widely could potentially provide millions of people with critical support for their cognitive, emotional, and social well-being.
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