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Alzheimer’s disease (AD), known as one of the degenerative brain diseases, is the
most common form of dementia, a clinical syndrome characterized by the progressive
cognitive decline with behavioral and psychological disturbance. Pharmacological
interventions (eg, acetylcholinesterase inhibitor, AchEI) are available currently but
have limited ability to treat many of the syndrome’s features and result in common
side effects.1 Many non-pharmacological interventions have been developed to
stimulate abilities, slow cognitive deterioration, reduce problematic behaviors, and
improve quality of life associated with dementia.1 Music therapy (MT) is one type of
non-pharmacological intervention, which is defined by the World Federation of Music
Therapy as the professional use of music and its elements (sound, rhythm, melody, and
harmony) as an intervention in medical, educational, and everyday environments with
individuals, groups, families, or communities who seek to optimize their quality of life
and improve their physical, social, communicative, emotional, intellectual, and spiritual
health and wellbeing. Research, practice, education, and clinical training in MT are
based on professional standards according to cultural, social, and political contexts.2
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Purpose: Music therapy (MT) reviews have found beneficial effects on behaviors and social
interaction in Alzheimer’s disease (AD) but inconsistent effects on cognition. The purpose of
the study was to evaluate the adjunct effect of long-term and home-based MT in AD patients
under pharmacological treatment.
Patients and methods: Mild AD cases (clinical dementia rating =0.5~1) were consecutively
recruited and voluntarily separated into an MT group or control group (CG) for 6 months. Outcome
assessments included Cognitive Abilities Screening Instrument (CASI), CASI-estimated minimental state examination, clinical dementia rating with sum of box scores, and neuropsychiatric
inventory. The MT interventions were Mozart’s Sonata (KV 448) and Pachelbel’s Canon, listening
with headphones for 30 minutes daily in the morning and before sleep, respectively.
Results: Forty-one cases (MT versus CG number =20 versus 21) were analyzed. Adjusted
differences of CASI-estimated mini-mental state examination and CASI after 6 months in the
MT group were slightly less decreased than the CG without statistical significance. In further
analysis of cognitive domains of CASI, the adjusted difference of abstraction domain in the
MT group was significantly better than the CG.
Conclusion: Although there were no apparent additional benefits of this MT on the global
cognition and daily functioning in mild AD patients, it confirms the adjunct cognition effect on
the abstraction. This MT contributes to the supplementary treatment of AD.
Keywords: abstraction, behavioral and psychological symptoms of dementia, cross-cultural
effect, Mozart effect, non-pharmacological intervention, supplementary treatment
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The most widely used method in the context of dementia
is receptive relaxation MT. Tabloski et al showed that
calming music such as Pachelbel’s Canon was an effective,
non-pharmacologic strategy that nurses and other caregivers
might use to reduce agitated behavior in cognitively impaired
nursing home residents.3 As early as 1998, Johnson et al
reported that an individual with AD had an enhancement in
spatial-temporal reasoning after listening to a Mozart piano
sonata in a twin study.4 Some reviews have focused on the
use of music for people with dementia and found beneficial
effects on their behaviors and social interaction but inconsistent effects on their cognition.1,5
The first movement “allegro con spirito” of Mozart’s
Sonata for Two Pianos (KV 448) is referred to as the “Mozart
effect” on intelligence enhancement and considered to be
associated with the organization of the cortical firing pattern
for spatial-temporal processes, although some researchers
have refuted the findings.6–8 On the other hand, Pachelbel’s
Canon music was considered as having a calming and anxiolytic effect on emotions and somewhat on cognition with
influences on the limbic system and parasympathetic nerve
system.3,9,10 Both were well-known and studied classic music
pieces for MT in the western world. Another interesting issue
is that an individual’s response to a particular piece of music
can also mediate the effect of the music, which depends on
some factors such as familiarity and preference.11 Therefore,
it needs to be reappraised whether the musical effect of
Mozart’s piano sonata and Pachelbel’s Canon is similar or not
under the influence of different culture-related unfamiliarities
in eastern countries, such as Taiwan. In order to evaluate the
adjunct effect of medium- to long-term and home-based MT
on the cognition and behavior of people with AD under usual
pharmacological treatment, we conducted this case-control
study for 6 months (6M).

Materials and methods
Design and participants
A quasi-experimental trial design was used. The AD patients,
eligible to inclusion criteria and under the consent of both
patient and family, were separated into the study (MT) or
control groups according to their voluntary acceptance of
adjunct MT or not. The inclusion criteria for participants
were: 1) AD patients, clinically diagnosed according to
Diagnostic and Statistical Manual of Mental Disorders IV
criteria, were in mild stage (clinical dementia rating scale,
CDR =0.5~1)12,13 under an AchEI treatment for at least 3
months in an out-patient department of neurology of a medical center hospital; 2) without severe hearing loss; 3) without
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major psychiatric disorders; 4) without unstable illness status;
and 5) family or caregiver could assist the patient to receive
the MT and follow the study protocol.
This study was approved by an ethics committee of
the Institutional Review Board in the Kaohsiung Medical
University Hospital. All participants and their families signed
an informed consent form for participation in the study.
We consecutively recruited 87 participants from April 2008
to May 2010. Fifty-two cases participated in the study (MT)
group and 35 cases were in the control group. After the 6M
MT and follow-up course, there were 20 remaining cases in
the MT group and 21 cases in the control group. Thus, 41 cases
completed the study course for 6M and were then evaluated.

Outcome assessment
All of the participants underwent a clinical evaluation and
neuropsychological assessments on baseline and after the
6M study course. These neuropsychological assessments of
clinical MT effect included the Cognitive Abilities Screening
Instrument (CASI),14 CDR with sum of box scores (CDRSB)12,13 and neuropsychiatric inventory (NPI, 12 terms).15 The
CASI evaluated nine or ten cognitive domains: long-term
memory, short-term memory (STM), orientation, attention
(ATT), concentration, category fluency (FLU), language,
reasoning (combination of abstraction [ABS] and judgment),
and visual construction. Its total score was 100 with higher
scores indicating better cognitive ability. Some of the CASI
items were comparable to items used in the mini-mental state
examination (MMSE).16 Therefore, a CASI-estimated MMSE
score, or MMSE-CE was also obtained.
The CDR is a five point scale used to characterize six
domains of cognitive and functional performance applicable to
AD and related dementias: memory, orientation, judgment and
problem solving, community affairs, home and hobbies, and
personal care. The global CDR scale is derived from the scores
in each of the six categories (“box scores”) for the assessment
of the clinical severity. We also used the total sum of six box
scores, CDR-SBs to evaluate the therapeutic effect of MT that
might influence the dementia progression with daily functioning. The NPI total scores of 12 items were used to assess the
behavioral and psychological symptoms of dementia (BPSD)
with changes in patients after the MT for 6M.

MT intervention
We used the receptive, listening-based MT method for
convenient administration among the home-based patients.
The intervention modes of MT consisted of the excerpts
of Mozart’s Sonata for Two Pianos in D major (KV 448)17
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and Pachelbel’s Canon in D major for Violins.18 We repetitively recorded the first movement of Mozart’s sonata onto
a portable digital music player for 30 minutes, as well as
Pachelbel’s Canon for the second track. The MT group
patients and caregivers were first instructed to use the music
player with music playing himself/herself at home. The piece
of Mozart’s sonata was listened to through headphones for
at least 30 minutes daily in the morning and Pachelbel’s
Canon was listened to before sleep. The MT group patients
and caregivers were also instructed to record the listening
time and response in a music log daily. The research assistant
would monitor the participants’ compliance by telephone
irregularly and review the music log monthly.

Statistical analysis
The distributions of categorical variable (sex) between the two
groups were compared by χ2 test. Independent two sample
Student’s t-tests were used to compare the continuous variables (age and education level, etc) and differences in the two
groups in pre-test and post-test assessments. Further,
the analysis of covariance (ANCOVA) was used to compare
the differences between groups while adjusting for sex, age,
education level, NPI, and corresponding baseline measurements. Statistical significance was defined as a P-value less
than 0.05. The statistical analysis was performed with SPSS
software v19.0 (IBM Corporation, Armonk, NY, USA).

Results
Finally, a total of 41 cases who completed the 6M course
was analyzed in our study; 20 cases were in the study (MT)
group and 21 cases were in the control group. Females outnumbered males in both groups. The mean age, education
level, baseline MMSE-CE, CASI and NPI, including depression symptom scores of both groups were similar (Table 1).
Only the baseline CDR-SB scores were significantly
Table 1 Demographic and clinical characteristics of the two groups

Sex (female/male)a
Age (y ± SD)b
Education level (years)
MMSE-CE (baseline, M ± SD)
CASI
CDR-SB
NPI

MT group
(n=20)

Control group
(n=21)

P-value

15/5
76.7±8.45
6.7±4.77
17.7±5.98
59.0±18.77
5.4±1.67
7.4±13.17

13/8
80.8±5.94
5.8±4.17
14.7±3.35
51.1±13.55
6.9±1.59
9.1±12.75

0.368
0.082
0.506
0.062
0.129
0.004*
0.660

Notes: aχ2 test; btwo sample Student’s t-test for continuous variables. *P,0.05.
Abbreviations: CASI, Cognitive Abilities Screening Instrument; CDR-SB, clinical
dementia rating scale with sum of box scores; M, mean; MMSE-CE, CASI-estimated
mini-mental state examination; MT, music therapy; NPI, neuropsychiatric inventory;
SD, standard deviation; y, years.
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different between the two groups (MT versus [vs] control
group =5.4±1.67 vs 6.9±1.59, P=0.004) (Table 1).
After comparing group data of the 6M period, the 6M
differences of MMSE-CE and CASI in the MT group
were -0.9±3.09 and -0.9±6.62 vs -0.6±2.73 and -2.1±7.84
in the control group, both without statistical significance
between groups. The 6M differences of CDR-SB and
NPI between groups were also without significant difference (0.6±1.97 and 1.5±16.39 vs 0.6±0.63 and 2.9±10.69)
(Table 2). Further 6M differences of MMSE-CE, CASI,
CDR-SB, and NPI were adjusted for covariates of sex, age,
education level, NPI and corresponding baseline measurements, using ANCOVA. These adjusted differences of
MMSE-CE and CASI after 6M in the MT group (-0.6±0.70
[standard error] and 0.1±1.87) were slightly less decreased
than those in the control group (-0.8±0.68 and -3.0±1.82).
However, they did not reach statistical significance (P=0.827
and 0.295, respectively) (Table 2). The adjusted differences
of CDR-SB and NPI in the MT group were less increased
than those in the control group without statistical significance
(0.5±0.36 vs 0.7±0.35 and 0.4±2.94 vs 3.9±2.85, P=0.718
and 0.431, respectively) (Table 2).
In further analyzing and comparing the cognitive
domains of CASI between groups, the 6M difference in the
ABS domain in the MT group was significantly better than
that of the control group (0.10±1.25 vs -0.90±1.45, P=0.023;
adjusted difference =0.10±0.29 vs -0.90±0.28, P=0.024).
Table 2 Comparison of cognitive and neuropsychiatric assess
ments between MT and control groups
MT group Control group P-value
(n=20)
(n=21)
MMSE-CE
Baseline (M ± SD)a
Follow-up (M ± SD)a
Adjusted difference (M ± SE)b
CASI
Baseline
Follow-up
Adjusted difference
CDR-SB
Baseline
Follow-up
Adjusted difference
NPI
Baseline
Follow-up
Adjusted difference

17.6±5.98
16.7±5.55
-0.6±0.70

14.7±3.35
14.1±3.71
-0.8±0.68

0.062
0.089
0.827

59.0±18.77
58.2±19.37
0.1±1.87

51.1±13.55
49.0±13.36
-3.0±1.82

0.129
0.085
0.295

5.4±1.67
6.0±2.33
0.5±0.36

6.9±1.59
7.5±1.74
0.7±0.35

0.004*
0.020*
0.718

7.4±13.17
8.9±8.82
0.4±2.94

9.1±12.75
12.0±13.80
3.9±2.85

0.660
0.392
0.431

Notes: aTwo sample Student’s t-test; bANCOVA, adjusted for sex, age, education
level, NPI and corresponding baseline measurements; *P,0.05.
Abbreviations: ANCOVA, analysis of covariance; CASI, Cognitive Abilities Screening
Instrument; CDR-SB, clinical dementia rating scale with sum of box scores; M, mean;
MMSE-CE, CASI-estimated mini-mental state examination; MT, music therapy; NPI,
neuropsychiatric inventory; SD, standard deviation; SE, standard error.
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The other cognitive domains were not significantly different
between groups after the 6M study (Table 3). However, the
6M difference in the domain of STM had a trend toward being
better in the MT group than in the control group (0.34±1.91
vs -0.56±1.56, P=0.107; adjusted difference =0.37±0.43 vs
-0.60±0.42, P=0.135).

Discussion
In the present study, a significant improvement in ABS was
noted in the MT group, although the other cognitive domains
did not show a difference between the two groups. Abstracting similarities between pairs of items are administered in
CASI to provide a profile of abstract function. Abstract
thinking is the ability to deal with concepts. It is one part of
reasoning and high executive functions, which are activated
and integrated in the frontal and temporal lobes.19 This result
is consistent with the finding of Johnson et al’s study in 1998,
though using a different test, it also supported the Mozart
effect in AD patients with different cultures. He presumed
that an AD patient had enhancement of spatial-temporal
Table 3 Comparison of CASI domains between MT and control
groups
Cognitive domains

MT group Control group P-value
(n=20)
(n=21)

LTM baseline (M ± SD)a
Adjusted difference (M ± SE)b
ORT baseline
Adjusted difference
ATT baseline
Adjusted difference
CCT baseline
Adjusted difference
STM baseline
Adjusted difference
FLU baseline
Adjusted difference
LAN baseline
Adjusted difference
ABS baseline
Adjusted difference
JUD baseline
Adjusted difference
REA baseline
Adjusted difference
VC baseline
Adjusted difference

8.25±2.31
0.07±0.35
10.95±4.38
-0.66±0.73
6.25±1.62
-0.32±0.39
4.45±3.78
0.66±0.47
3.74±3.07
0.37±0.43
3.70±2.27
-0.39±0.44
7.29±2.57
-0.18±0.28
2.60±1.57
0.10±0.29
4.55±1.19
-0.06±0.24
7.15±2.32
-0.02±0.37
6.70±3.23
0.55±0.50

8.33±2.15
-0.21±0.34
8.38±3.34
-0.57±0.71
5.38±1.94
-0.22±0.38
3.62±2.91
0.09±0.46
2.18±2.40
-0.60±0.42
3.33±2.39
-0.54±0.43
6.81±2.10
0.04±0.27
2.57±1.75
-0.90±0.28
4.05±1.12
0.01±0.24
6.62±2.38
-0.87±0.36
6.05±2.87
-0.38±0.49

0.906
0.585
0.041*
0.936
0.128
0.856
0.433
0.415
0.077
0.135
0.618
0.603
0.520
0.594
0.956
0.024*
0.171
0.857
0.474
0.111
0.498
0.213

Notes: aTwo sample t-test; bANCOVA, adjusted for sex, age, education level, NPI
and corresponding baseline measurements; *P,0.05.
Abbreviations: ABS, abstraction; ANCOVA, analysis of covariance; ATT, attention;
CASI, Cognitive Abilities Screening Instrument; CCT, concentration; FLU, category
fluency; JUD, judgment; LAN, language; LTM, long-term memory; M, mean; MT,
music therapy; NPI, neuropsychiatric inventory; ORT, orientation; REA, reasoning
(abstraction + judgment); SD, standard deviation; SE, standard error; STM, shortterm memory; VC, visual construction.
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reasoning after listening to Mozart’s sonata under the assessment of the Stanford-Binet Intelligence Scale.4 The possible
mechanisms of the Mozart effect or music enhancement are
that cortical activation is directly affected by general arousal
with ATT, thus improving cognitive task performance.20,21
The long-term mechanisms may be related to the increase of
cerebral blood flow and cortex circuit activation in the frontal
and temporal lobes,22,23 as well as several neurotransmitters
(eg, dopamine), neuropeptides (endorphins and endocannabinoids), and other biochemical mediators (eg, nitric oxide) that
play some roles in the perceptual and emotional processing of
music.24 In addition, there was potential improvement of STM
in the MT group yet without statistical significance. There
is the promise of significant improvement in the cognitive
domain after longer or rigorous MT intervention in future
research or in a clinical setting.
Several studies have demonstrated that MT provides
some beneficial effects for AD patients in terms of cognitive
performance, including spatial-temporal reasoning, language
content and fluency, ATT, and autobiographical memory
recall under the assessment of variant neuropsychological
tests.4,25–27 However, Vink et al had updated their rigorous
Cochrane review of MT for dementia in 2010 and still came
to no useful conclusions. In terms of inconsistent results,
most studies were too small with methodological limitations and concerned short-term therapy effects (intervention periods less than 4 months) in institutionalized elders.1
In our study, the MMSE-CE did not show significant differences between groups. Because of the brief and limited
characteristics of the MMSE, it may be difficult to detect
the intra-individual changes in cognition during the relative
short period of dementia progression.28
The CASI and CDR-SB were concomitantly used to
evaluate more comprehensive cognition with daily functioning. Moreover, the CASI total score favorably compares
with the Alzheimer’s Disease Assessment Scale (ADAScog), the most widely used to assess the effect of drug treatment for AD, in both score range and retest reliability.29 It is
a pity that both CASI and CDR-SB also had no significant
improvement in the global cognition and daily functioning
of an MT group after comparison with a control group.
However, the MT group had slightly less deterioration
than the control group in the assessment of CASI. In other
words, the adjunct MT might have potentially synergetic
benefits in slowing the deteriorating process of AD with
AchEI treatment.
In respect of behavioral and psychological effects after
6M MT, there was no significant alleviation under the
NPI assessment in the MT group. However, the MT group
Neuropsychiatric Disease and Treatment 2015:11
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revealed slightly less exacerbation of BPSD than the control
group after adjusting for cognitive status. Somehow the MT
might have the efficacy of stabilization of BPSD in the longterm care of AD. In order to obtain the deeper response of
this MT on behavior and emotion, further detailed analysis
of NPI items should be considered.
There are some particular advances in our study. First, the
well-verified and available neuropsychological tests (CASI
and CDR-SB) were used clinically in the assessment of cognition and daily functioning. It is possibly reproducible and
comparable with the cognitive effects of other MT modes or
types under the same neuropsychological tests. Secondly, the
study included only mildly affected AD patients under the
stationary treatment of AchEI over 3 months. It might avoid
the known bias of cognitive effect of medication in the MT
group after comparison with the control group. Thirdly, it
was convenient and simple to administer the MT with the use
of a portable digital music player with headphones in longterm community patients. It is not limited to institutional or
therapeutic groups or necessarily to administration and performance by a well-qualified music therapist. Clinical physicians may easily approach this MT type as a supplementary
therapy in situations with less available music therapists in
most clinical settings. Moreover, families or caregivers are
also actively assisting in the procedure and play an important
role in the treatment course. Finally, in spite of different
cultural backgrounds, this MT still had partial cross-cultural
effects on cognition. The participants’ response to MT was
enhanced when the music was repeated to enhance familiarity
over the long term.11 Music intervention might be suggested
in dementia even in people with an eastern cultural background or those who are unfamiliar with MT.
One of the limitations of our study is the relatively high
drop-out ratio (61.5% vs 40.0% between groups), which
can be expected in vulnerable AD patients and a long-term
duration study. The major reasons for drop-out in the MT
group were due to the dullish sensation of limited music
modes and impatience with rigorous study rules in the
first 2 months. Therefore, the final subject number of each
group is relatively small. The results of behavioral measures
might be underpowered. Another weak point of this study
is the quasi-experimental design without randomized and
placebo-controlled groups due to ethical concerns and clinical
outpatient investigations. It might have the bias of expected
psychological and placebo effects of MT intervention in the
MT group. Whether we would be more intent to treat with
better effect is worthy of future investigation. The other limitation is the insufficient information on medications in each
participant. Some medications might influence the mental
Neuropsychiatric Disease and Treatment 2015:11
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functioning and have a confounding effect on cognition and
BPSD. Further better and more rigorous methodological
designs are welcomed to obtain the pure cognition effect
of MT with increased study evidence and more research
resources.

Conclusion
Although there were no apparent additional benefits of
this MT mode on global cognition and daily functioning in
mild AD patients for 6M, it confirms the adjunct cognition
effect of MT on ABS and potential STM. Furthermore,
more rigorous methodological designs with sensitive
psychometric instruments are welcomed to ascertain the
promising efficacy of MT on global cognition and BPSD.
This MT mode, which is easily applied and includes the
caregivers, contributes to the supplementary treatment of
dementia syndrome in AD.
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