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Abstract

Background Music may be a safe and effective coping strategy for psychological management. The objectives of this review
were to identify the effects of music interventions on anxiety, depression, and quality of life (QoL) among cancer patients
receiving chemotherapy.

Methods Fourteen databases were searched from the inception date to December 2020 to identify eligible randomized
controlled trials (RCTs). Gray literature was also examined. The protocol of this systematic review was registered with
PROSPERO (registration number: CRD42021223845). Two reviewers independently assessed eligibility, extracted data,
and evaluated methodological quality. Meta-analysis was done. Subgroup analysis was conducted for intervention types, the
person selecting music, music delivery method, timing, and session duration.

Results Nine RCTs were identified, among which six were eligible for the meta-analysis. All studies were at a high risk
of bias, and the overall quality of evidence was low to very low. The pooled results reveal that music intervention could
reduce anxiety (SMD:—0.29, 95% CI—0.50 to—0.08) and improve QoL (SMD: 0.42, 95% CI 0.02 to 0.82). However, it
fails to affect depression (p =0.79). The findings demonstrate no significant difference between patient-selected music and
researcher-selected music, recorded music, and live music, while a length of 15-20 min/session and offering immediately
before chemotherapy are more effective on anxiety than that of 30-45 min and delivering during chemotherapy.
Conclusions Music intervention may be a beneficial tool for anxiety reduction and QoL among cancer patients receiving
chemotherapy. More high-quality RCTs are needed to ascertain the true impact of those outcomes.
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Introduction
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chological symptoms in people diagnosed with cancer in
general. The meta-analytical pooled prevalence of syn-
dromal depression and anxiety disorder in cancer patients
in oncological and hematological settings was 16.3% (66
studies, 95% CI 13.4-19.5) and 10.3% (16 studies, 95% CI
5.1-17.0), respectively [21]. Krebber et al. [17] conducted
a meta-analysis of 211 studies to determine the prevalence
of depression in cancer patients. They reported that the
pooled prevalence of depression ranged from 8 to 24%. The
figures were higher among cancer patients during chemo-
therapy. According to Nikbahsh et al. [23], the proportions
of symptomatic depression and symptomatic anxiety among
the patients who received chemotherapy as a single treat-
ment were 66.7% and 77.8%, respectively. Depression and
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anxiety have an adverse impact on the QoL of individuals
with cancer [23].

To alleviate the cancer patients’ anxiety and depression,
music intervention was recommended. Emotions aroused by
music are recognized by the amygdala and hippocampus
[16]. The rhythm and melody of relaxing music act on the
peripheral and hippocampus system could reduce cortisol
levels [26], contributing positively to the improvement in the
psychological disorder [10]. Music intervention is consid-
ered mind-body medicine [8], which can improve psycho-
logical and physical outcomes in cancer patients [4, 28]. A
previous study showed that music could reduce anxiety and
depression and improve the QoL for cancer patients during
chemotherapy [19]. In terms of methodology, there are cur-
rently two types of music interventions in existence, includ-
ing music therapy in which a trained therapist provides the
intervention and music medicine in which the passive listen-
ing of recorded music is offered to patients by medical staff
[5]. In clinical practice, music intervention can be performed
in any setting because it is safe, does not require techno-
logically advanced equipment, and does not interfere with
patients’ privacy [8, 15].

There is a lack of systematic review revealing the effect
of music intervention on anxiety, depression, and QoL, par-
ticularly focusing on adult cancer patients receiving chem-
otherapy. Thus, this systematic review aims to synthesize
the evidence on the effects of music intervention on anxi-
ety, depression, and QoL and to identify the best available
evidence concerning the characteristics of music interven-
tion such as duration, number of sessions, and frequency
which could be applied on adult cancer patients receiving
chemotherapy.

Methods
Information sources and search strategy

This review was conducted according to the updated
guideline of the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) 2020 statement
[25]. A literature search was performed in December 2020.
Two independent reviewers searched the literature in four-
teen databases, including The Cochrane Central Register of
Controlled Trials (CENTRAL), PubMed, Ovid MEDLINE,
PsycINFO, EMBASE, PsycARTICLES, Ovid Nursing
Database, Joanna Briggs Institute EBP Database, Global
Health, Scopus, British Nursing Index, AMED, and Web of
Science. Gray literature was searched on Proquest Disser-
tations & Theses A&I, ClinicalTrials.gov, Open Grey, and
ISRCTN registry. The initial search used subject headings
(MESH) that related to neoplasms, drug therapy, music, anx-
iety, depression, and quality of life. After that, the relevant
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keywords were searched to identify the potential papers
(Appendix).

Inclusion and exclusion criteria

This review included randomized controlled trials (RCTs).
The publications included were written in English, with no
limitation on publication year, and were full-text articles.
The participants in the selected literature were older than
18 years with a diagnosis of any type of cancer receiving
chemotherapy.

We included all trials in which music therapy or music
medicine combined with standard care were compared with
standard care alone. Studies with trials testing the effective-
ness of music intervention on anxiety and/or depression and/
or QoL were included.

We excluded the studies (1) combining music interven-
tion with other interventions such as mindfulness or yoga,
(2) involving animals, (3) the trial for diagnostic purposes,
and (4) conference abstracts, study protocol, and ongoing
studies without results.

Appraisal of included studies

The two reviewers independently assessed the quality of
the studies using the Cochrane Risk of Bias Assessment
Tool (ROB2) [14]. The tool includes five domains: rand-
omization process, deviations from intended interventions,
missing outcome data, outcome measurement, and selec-
tion of the reported result. Each domain is assessed as high
risk, low risk, and some concerns by applying the Cochrane
criteria for judging the risk of bias. For each study, if all
domains were evaluated as low risk, the overall risk of bias
was considered to be low. If any of the above domains were
considered high risk or the assessment results in multiple
domains showed some concerns, the overall risk of bias was
considered to be high; otherwise, the overall risk of bias
was considered to be having some concerns. The review-
ers compared the appraisal results, and disagreements were
resolved through consensus between reviewers or through a
consultation with a third reviewer.

Study selection and data extraction

All studies retrieved from the databases and gray literature
were recorded in EndnoteX9 software. Firstly, the dupli-
cated papers were removed. Then, the studies were screened
one by one based on the title and abstract. After this initial
screening, the full text of related studies was retrieved and
assessed for eligibility.
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We extracted data using a standardized form, which
was developed according to the present review features.
The following information was extracted and recorded:
(1) name of first author and year of publication, country;
(2) study type; (3) sample size, type of cancer; (4) inter-
vention group and control group; (5) outcome measures,
instruments; and (6) results. The information related to
music intervention was extracted and consisted of (1) tim-
ing of music intervention, (2) duration of a session, (3)
intervention delivery schedules, (4) interventionists, (5)
music genres, (6) music delivery methods, (7) listening
methods, and (8) person selecting the music. The study
selection and data extraction processes were independently
performed by the two reviewers. Disagreements were
resolved through a meeting with a third reviewer.

Data synthesis

The Cochrane Collaboration’s Review Manager (RevMan
5.4.1) [12] was used to generate pooled estimates of effect
size. The comparison weighting mean differences (MD)
were calculated when outcomes were measured using
the same scale, while the standardized mean differences
(SMD) were used for those using different scales, with
corresponding 95% confidence intervals (CI). The fixed-
effect model was used if the chi-square test indicated that
there was insignificant heterogeneity (p > 0.10 or I < 50%)
[14, 30]; otherwise, the random effect model was adopted.
The effect size was determined according to the guideline
of Cohen [11]. Accordingly, 0.2 was considered a small
effect; 0.5, medium; and 0.8, large. To explore the source
heterogeneity and robust results, sensitivity analysis was
used. Subgroup analyses were also conducted for different
types of music interventions (music therapy versus music
medicine), the person selecting the music (patient-selected
music versus researcher-selected music), intervention
delivery methods ( live music versus recorded music), tim-
ings of the interventions (before chemotherapy versus dur-
ing chemotherapy), and length of intervention (15-20 min
versus 30—45 min). For incomplete and missing data, the
authors of the selected studies were contacted for further
information. For those studies that did not provide eligi-
ble data for synthesis, descriptive analyses were adopted.
Publication bias was not performed due to fewer than ten
studies [14].

The Grading of Recommendation Assessment, Devel-
opment and Evaluation (GRADE), which was developed
by Cochrane [29], was used to rate the overall quality of
evidence of each outcome. The quality of evidence was
classified into four levels high, moderate, low, and very
low. Study design, risk of bias, inconsistency, indirectness,

imprecision, and reporting bias were considered to assess
the confidence of evidence.

Result
Search result

The systematic search yielded 2723 articles. After removing
684 duplicates, 2039 papers were left for titles and abstract
screening, which further removed 1849 records that did not
meet the inclusion criteria. Then, 190 full-text articles were
reviewed, and further 154 studies found not meeting the
inclusion criteria were excluded. Subsequently, 27 studies
were rejected because of mixed intervention, ongoing study,
and not meeting the study design. Finally, nine articles were
included in this systematic review, including six studies for
meta-analysis (Fig. 1).

Study characteristics

The studies were published between 2007 and 2020; the
studies were conducted in five jurisdictions such as Bra-
zil [19], Germany [7, 27], Italy [8], Taiwan [10, 20], and
the USA [9, 13, 22]. The sample size of the studies ranged
from 33 to 143. The trials comprised 686 patients, includ-
ing breast cancer [8, 10, 19] and hematological cancer [7, 9,
27], and the three remaining studies were on various types
of cancers [13, 20, 22]. Effects were described according to
outcome measures including anxiety (nine studies) [7-10,
13, 19, 20, 22, 27], depression (four studies) [10, 19, 22,
27], and QoL (three studies) [7, 19, 27]. The majority of the
studies (seven studies) evaluated the short-term effective-
ness of music (immediately after the intervention). Only two
studies assessed the long-term effects such as after 1 week,
after 3 weeks [10], and after 3 months [27] (Table 1). No
study described the theoretical framework that underpinned
the selected studies.

Effectiveness of music intervention on anxiety,
depression, and QoL

The effectiveness of music intervention on anxiety

Anxiety was evaluated in nine studies [7-10, 13, 19, 20,
22, 27] involving 686 participants. Four instruments were
used to measure anxiety: the Spielberger Anxiety Inventory
scale, the Hospital Anxiety and Depression scale (HADS),
the Beck Anxiety Inventory, and the visual analog scale
(Table 1).

The majority of the studies (78%) showed the significant
effects of music intervention on anxiety. Among the studies,
Bro et al. [7] illustrated that the live music group showed a
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Fig. 1 PRISMA Flow Diagram )
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Studies included in review
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borderline reduction in anxiety, but the recorded music did
not appear to impact the intervention benefits for anxiety
(p=0.18). Tuinmann et al. [27] revealed that music had no
benefit on anxiety improvement. Similarly, Mondanaro et al.
[22] reported that music intervention did not have a signifi-
cant impact on anxiety and depression.

A meta-analysis of six trials [8, 10, 13, 19, 20, 27] exam-
ined anxiety among 373 participants indicating significantly
lower anxiety among participants who received standard care
combined with music interventions than those who received
standard care alone (SMD: —0.29, 95% CI—0.50 to—0.08,
p=0.006, >=62%) (Fig. 2a). Sensitivity analysis showed no
heterogeneity when excluding two studies because of a high
risk of bias involved in the randomization process [10] and
a high attrition rate [27]. The results of sensitivity analysis
revealed a medium effect of music intervention on anxiety
(SMD: —0.62, 95% CI—0.90 to—0.34, p <0.001, I’ =0%)
(Fig. 2b).

@ Springer

The effectiveness of music intervention on depression

Studies used HADS and Beck Depression Inventory-2nd
ed (Table 1) which were self-report instruments to measure
clinical depression. Among four studies evaluating depres-
sion, two suggested that music intervention had a positive
effect on depression [10, 19]. Chen et al. [10] reported that
music did not help patients to reduce depression immedi-
ately after intervention and 3 weeks after the intervention,
but it had a significant effect 1 week after the intervention. A
study by Lima et al. [19] showed a medium effect of music
intervention on depression (Cohen’s d=0.69). However,
two studies indicated no significant difference in depression
between the music intervention group and the control group
[22, 27]. Three studies [10, 19, 27] were eligible for meta-
analysis without showing an overall statistically significant
effect on depression (SMD = —0.04, 95% CI—0.32 to 0.24,
p=0.79, >=0%) (Fig. 3a).
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Fig. 2 Forest plot of comparison: music intervention plus standard care versus standard care alone on anxiety. a All studies;b sensitivity analysis
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Fig. 3 Forest plot of comparison: music intervention plus standard care versus standard care alone. a On depression; b on QoL

The effectiveness of music intervention on QoL

Three studies [7, 19, 27] evaluated the effect of music
intervention on QoL. Two of the studies recruiting hema-
tological cancer patients [7, 27] reported that music inter-
vention did not show a significant effect on QoL. How-
ever, the remaining study by Lima et al. [19] revealed
an increase in QoL among breast cancer patients. Two
studies [19, 27] were eligible for the meta-analysis show-
ing a small effect of music intervention on patients’ QoL
(SMD: 0.42, 95% CI 0.02 to 0.82, p=0.04, I*=18%)
(Fig. 3b).

Intervention contents and subgroup analysis

Among the nine studies selected, six used music therapy
[7,9, 10, 13, 22, 27], and three used music medicine [8,
19, 20]. In the selected studies, the people who provided
music medicine were nurses [8, 20] or medical doctors
[19]. Recorded music [7-10, 19, 20] or live music [7, 13,
27] were applied in the studies. In the studies using music
therapy guided by music therapists, the participants had
more chances to be actively involved in the music activi-
ties such as playing musical instruments, singing [27],
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singing along to a music therapist with a guitar [13], or
applying the guided music imagery [9] (Table 2).

Subgroup analysis compared the treatment benefits of
music therapy versus music medicine on anxiety. Among the
six studies that were eligible for meta-analysis, three stud-
ies evaluated the effects of music medicine [8, 19, 20] and
three studies evaluated the effects of music therapy [10, 13,
27].The pooled effect of the three studies involving music
medicine [8, 19, 20] (SMD: —0.64, 95% CI—0.96 to —0.32,
p<0.001, > =0%) was larger than that of the music therapy
[10, 13, 27] on anxiety (SMD: —0.09, 95% CI—0.50 to 0.32,
p=0.11, >=54%). The difference between the subgroups
was statistically significant (p =0.04) (Supplementary
Fig. 1).

The most popular selected music in the studies were
classical music, new age, relaxing nature sounds, film
soundtrack, and folk music with a tempo of 60 to 80 beats/
min [7, 8, 10]. The patients were allowed to choose their
preferred music from their own collection or a list of music
that was pre-selected by the researcher in seven of the stud-
ies [7-10, 13, 22, 27]. The participants were provided with
headphones or earphones to block external or environmental
sounds in four of the studies [7, 8, 10, 20] (Table 2). Find-
ings revealed a significant effect of researcher-selected music
on anxiety (SMD:—0.52,95% CI-0.92to—0.11, p=0.01,
I?=0%), but no significance of the patient-selected music
(SMD: —0.21, 95% CI—0.45 to 0.03, p=0.09, I =74%).
However, there were no significant differences between the
subgroups (p=0.2) (Supplementary Fig. 2). A subgroup
analysis comparing recorded music on anxiety (SMD: — 0.40,
95% CI-0.89t0—0.10, p=0.11, 12=73%) with live music
(SMD: —0.26, 95% CI—0.79 to 0.27, p=0.34, ’=0%)
found no statistically significant differences between the two
types of music delivery methods (p =0.71) (Supplementary
Fig. 3).

The duration for each music session lasted from 15 min
to 1 h. The timing of the intervention was when the patients
were undergoing chemotherapy [7, 10, 13, 20, 22] or imme-
diately before the chemotherapy [8, 19]. The therapist
delivered music to the patients during hospitalization days
in two of the studies but did not report the specific time [9,
27]. Four studies evaluated the effects of music intervention
through a single music session [8, 10, 13, 20] and others
evaluated the effects of multiple music sessions [7, 9, 19, 22,
27]. Among the studies conducted with multiple music ses-
sions, the schedule of the intervention was different, includ-
ing every 2 to 3 weeks [7, 19], twice a week [9, 27], and
three music sessions/1 to 3 months [22]. The intervention
ranged from one to five chemotherapy sessions (Table 2).

A subgroup analysis compared the effects of music inter-
vention on anxiety before and during chemotherapy. Results
showed no significant effect of music during chemotherapy
(SMD:—0.2, 95% CI—0.47 to—0.07, p=0.15, P =71%),

but applying music intervention for the patients immedi-
ately before the chemotherapy resulted in a medium effect
size that was statistically significant (SMD: —0.71, CI-1.14
to—0.29, p<0.001, P= 0%). There was a significant differ-
ence between subgroups (p=0.04) (Supplementary Fig. 4).

A subgroup analysis comparing the duration of a music
listening session on anxiety showed the length from 15 to 20
min led to a much larger and statistically significant pooled
effect (SMD: —0.71,95% CI —1.10to —0.33, p < 0.01, P =
0%) than the length over 30 to 45 min (SMD: —0.17,95% CI
—-0.521t00.19, p =0.37, P= 51%). There was a significant
difference between subgroups (p = 0.04) (Supplementary
Fig. 5).

Critical appraisal result and quality of evidence

All studies were identified as having a high risk of bias.
Concerning the randomization process, one study had a high
risk of bias due to an imbalance of baseline between groups
[10] and four studies presented some concerns because of
insufficient information about the randomization method
and/or allocation concealment [8, 9, 13, 20]. For biases due
to deviations from intended interventions, all studies were
considered as low risk. Two trials [9, 22] were assessed with
a high risk of bias because of the high percentage of miss-
ing data and lack of attrition reasons. One study [27] was
evaluated as having some concerns. The reason was that
despite the high attrition rate, it was related to the partici-
pants’ health. All trials were evaluated as having a high risk
for using the self-reporting method to measure the outcomes.
In music intervention, the patients were aware of the inter-
vention [4] and patient-reported outcomes would be affected
by not blinding the patients [14]. Most of the studies were
identified as having a low risk for selection of the reported
results, except a study by Burns et al. [9], which was evalu-
ated as high risk because they did not report all the results
from different time points (Fig. 4).

The overall quality of evidence was assessed following
GRADE as low on anxiety and depression and very low on
QoL because of the small sample size, inconsistent results,
and high risk of biases. The summary assessment is pre-
sented in Supplementary table 1.

Discussion

To the best of our knowledge, this is the first systematic
review and meta-analysis to assess the effectiveness of music
intervention on anxiety, depression, and QoL among cancer
patients receiving chemotherapy. A total of nine studies were
included in this review involving music therapy and music
medicine.

@ Springer
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Fig.4 Risk of bias summary: Study ID D1 D2

review authors’ judgements

about the risk of bias item for Bro, 2019 * *

each included study Burns, 2008 | "
Bulfone, 2009 ! +
Chen, 2020 ‘ +
Ferrer, 2007 ! +
Lima, 2020 + +
Lin, 2011 ! +
Tuinmann, " "
2017
Mondanaro,

+ +

2020

Our review reveals that there is a significant effect of
music intervention on the anxiety of adult cancer patients
receiving chemotherapy. The finding is consistent with a
systematic review of Bradt et al. [4], which selected studies
that evaluated music on patients with cancer regardless of
type, treatments, stages, and settings. The results suggested
that music intervention had a positive impact on anxiety with
a large effect. Similarly, a review of Bro et al. [6], which
included studies assessing music intervention in patients
undergoing active cancer treatment, revealed a large effect
on anxiety (SMD: —0.8).

However, music has no statistically significant effect on
depression. Although Lima et al. [19] showed a medium
effect (SMD: 0.55), the sample size of Lima’s study [19]
was small (16 and 17 of each group). Thus, the results of
Lima et al. [19] should be interpreted with caution. In terms
of the effects of music intervention on QoL, although music
intervention had a significant impact on the breast cancer
population [19], there was no significant improvement of
QoL on patients with hematopoietic malignancies [7, 27].
Maybe, the hematological cancer patients who receive
high-dose chemotherapy experience higher distress and
pain while undergoing hematopoietic stem cell transplanta-
tion. Furthermore, immunological changes (lymphocytes,
immunoglobulins, NK-cells, T4/T8 ratio) cause more anxi-
ety disorders than other types of cancer [13]. Thus, such
serious psychological issues may not be reduced by music
intervention and QoL remains poor.

The results revealed that music medicine had a stronger
effect on anxiety than music therapy. This is similar to the
results of Bradt et al. [4]. In our study, the smaller effects of
music therapy on anxiety can be explained by differences in
participants’ characteristics in the selected studies. Firstly,
two studies in music medicine groups assessed breast cancer
[8, 19] in stages I and II, while a study by Chen et al. [10]
in the music therapy group recruited patients with breast
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cancer in all stages (around 50% of stages III and IV). The
severity of stages III and IV may result in a higher level
of anxiety. Therefore, the effect of music was much lower
in Chen’s study [10]. Secondly, a study [27] in the music
therapy group evaluated hematological cancer with high-
dose chemotherapy. Thus, the high intensity and dosages
of chemotherapy might affect the effectiveness of music
therapy on anxiety reduction.

Delivery timing, types of delivery, or the person who
selected the music varied among the selected studies. Sub-
group analyses did not illustrate significant differences
between the effects of patient-selected music and researcher-
selected music, and recorded music and live music. A previ-
ous study reported that live music was more effective than
pre-recorded music on anxiety [3]. Bro et al. [7] reported
live music could reduce anxiety, but there was no signifi-
cant effect of recorded music on the outcome in lymphoma
patients during chemotherapy. Regarding the length of a
music listening session, the subgroup analysis showed that
the short duration (15-20 min) presented a larger effect than
that of the long duration (30-45 min). The guidelines of the
American Music Therapy Association [2] suggest that the
length of music listening should not be over 50 min. Accord-
ing to a guideline for music therapy practice [1] in adult
medical care, the length of shorter than 20 min is suitable
for acute settings. In terms of the timing of the intervention,
subgroup analysis also revealed that music delivered imme-
diately before chemotherapy treatment had a greater effect
than that of the music delivered during the chemotherapy.
According to Stress and Coping theory [18], people may
have psychological issues even before the stressful event if
it is ambiguous or had they experienced the same situation
before. While the patients are waiting for chemotherapy, they
may suffer emotional symptoms such as anxiety. Listening
to music immediately before chemotherapy may help the
patients alleviate emotional disorders such as anxiety and
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depression. The tempo was reported in three studies in which
music with 60-80 beats/min was used [7, 8, 10]. This tempo
is restful [8], similar to the human heart rate, and is con-
sidered to be the best for generating relaxation [24]. More
studies may be needed to reveal its effect on psychological
symptoms.

Limitations and implications

There are several limitations of this review. Firstly, we only
selected papers written in English. Secondly, all studies were
assessed as having a high risk of biases. Lastly, a small num-
ber of studies were included, especially on depression and
QoL outcomes. It affects the confidence of the evidence in
this review.

However, this review provides some implications for
future research. Firstly, further studies should comply with
the rigor of the design concerning the randomization. Sec-
ondly, as most studies only evaluated immediately after
the intervention, the long-term effect should be assessed
in future studies. Thirdly, studies selected for this review
were conducted in developed countries. Thus, more studies
in developing and underdeveloped countries would contrib-
ute to broadening our understanding of the effects of music
intervention in different sociocultural settings. Fourthly,
there was a limitation in the number of studies evaluating
depression and QoL, so more studies assessing these out-
comes are needed. Finally, no RCT used theory to guide the
study design. Future studies underpinning an appropriate
theory are warranted. For clinical practice, the findings of
this review suggest that the duration of a music listening
session from 15 to 20 min, delivered immediately before
chemotherapy, is more effective in reducing anxiety. It is
recommended to choose relaxing music with a tempo of 60
to 80 beats/min [7, 8, 10].

Conclusion

Music intervention might be an effective tool to reduce
anxiety and improve QoL among cancer patients receiving
chemotherapy, but it does not show effects on depression.
Choosing relaxing music with 60—80 beats/min, the length
15-20 min, and delivering immediately before chemother-
apy is suggested to alleviate anxiety. It is recommended that
future RCTs should adhere to methodological rigor.
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