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Abstract 

Background  Preoperative anxiety is pervasive among patients awaiting surgical procedures and is associated 
with an increased risk of postoperative complications. Music intervention is a promising strategy to alleviate pre-
operative anxiety levels and is easily implementable even in busy clinical settings. Our objective was to conduct 
an umbrella review of systematic reviews studying the efficacy of music intervention in reducing preoperative anxiety 
among adult patients.

Methods  To identify systematic reviews assessing the effects of music intervention on preoperative anxiety in adult 
surgical patients, we retrieved MEDLINE via PubMed, EMBASE, CINAHL, and the Cochrane Library from inception 
until 22 August 2024. The primary outcome was to review the overall efficacy of music intervention in reducing 
preoperative anxiety levels. In addition, specific details regarding the implementation of music intervention were 
also summarized. We assessed the quality of the included systematic reviews by using A MeaSurement Tool to Assess 
Systematic Reviews 2 checklist.

Results  Six eligible systematic reviews (i.e. one high-quality, four moderate-quality, and one low-quality review) ana-
lyzing 40 primary studies were included. The reporting on the intervention content and its implementation process 
was often unsatisfactory, with some key information missing. The pooled results on the reduction of preoperative 
anxiety using music intervention were statistically significant (MD = -5.20, 95%CI (-6.32, -4.07), I2 = 49%). Subgroup 
analyses revealed that music intervention had a more pronounced effect when the duration of the intervention 
was 20 min or longer and in patients younger than 60 years of age.

Conclusion  Music intervention may have a beneficial effect on reducing preoperative anxiety levels. However, 
to optimize the integration of music intervention into routine clinical practice, high-quality evidence and especially 
clearer reporting on the implementation methods are required.
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Background
Preoperative anxiety, which manifests as nervousness, 
worry, or even fear, is pervasive among patients await-
ing surgical procedures. Preoperative anxiety is usu-
ally characterized by state anxiety symptoms reflecting 
a temporal and transient emotional state that varies in 
intensity and occurs in response to environmental stimuli 
[1, 2]. The global pooled prevalence of preoperative anxi-
ety was reported to be 48% in a meta-analysis, whereas 
the prevalence reported in individual studies fluctuated 
widely, ranging from 16.7% to 97% [3–5]. High levels of 
preoperative anxiety have been associated with various 
intraoperative and postoperative complications, includ-
ing hemodynamic alterations during anesthetic induc-
tion, an increased intraoperative anesthetic requirement, 
increased postoperative pain, and even a higher inci-
dence of perioperative morbidity and mortality [6–9].

In view of the serious impact of preoperative anxiety, a 
number of anxiety-reducing protocols have already been 
implemented prior to surgical procedures, including both 
pharmacological and non-pharmacological strategies. 
While anxiolytic agents, particularly benzodiazepines, 
are commonly prescribed and effective in reducing pre-
operative anxiety, they paradoxically increase the risk 
of multiple negative side effects such as postoperative 
delirium [10]. Therefore, non-pharmacological therapies 
(e.g., cognitive-behavioral therapy, music interventions, 
preoperative patient education, massage) have become 
increasingly popular due to their non-invasive nature 
and perceived safety in comparison to pharmacological 
therapies [11–13]. Among all non-pharmacological pre-
operative anxiety-reducing strategies, music intervention 
stands out as particularly advantageous due to its non-
invasive nature and ease of implementation, even in a 
busy clinic.

Several proposed mechanisms underlying the effects 
of music intervention on anxiety and mood distur-
bances have been reported. The anxiolytic effect of music 
intervention relies not only on distraction, shifting peo-
ple’s focus from stressful events or negative stimuli to 
something enjoyable, but also on the modulation of 
the autonomic nervous system activity. By suppress-
ing the sympathetic nervous system, music intervention 
decreases adrenergic activity and reduces neuromuscular 
arousal, both of which are linked to an acute reduction in 
stress and anxiety [14, 15]. However, the detailed mecha-
nisms underlying the positive effects remain obscure and 
need to be further investigated.

Since several related systematic reviews (SR) have 
already been published, our objective is to provide an 
overview of the available evidence, assess the overall 
strength of the evidence, and identify research gaps in the 
existing literature. To this end, we performed an umbrella 

review of SRs that analyzed the efficacy of music inter-
vention in reducing preoperative anxiety in surgical 
patients.

Methods
This umbrella review is reported according to the Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) (see Additional file  1) [16]. The 
protocol of this umbrella review was registered in PROS-
PERO (CRD42022333246).

Eligibility criteria
We included SRs investigating the effect of music inter-
vention on preoperative anxiety reduction in adult 
patients (over 18 years of age). The following definitions 
were used in our review:

Music intervention is an intervention defined as pas-
sive or active listening to music administered by medi-
cal personnel to meet the physiological or psychological 
needs of patients in different healthcare areas. This is dif-
ferent from the practice of music therapy, which involves 
a certified music therapist providing an individually tai-
lored music experience [17].

A SR was defined as a review designed to answer spe-
cific research questions by identifying and collecting all 
primary studies meeting pre-specified eligibility criteria 
and selecting them using an explicit and systematic pro-
cess [18]. SRs that did not include a critical appraisal of 
the included studies were deemed ineligible. To enhance 
coherence, we excluded SRs that focused on patients 
undergoing dental surgery.

We considered preoperative anxiety level as the pri-
mary outcome, which had to be assessed by validated 
instruments explicitly stated in the included SRs. Fur-
thermore, no specific threshold (low/high) for the sever-
ity of preoperative anxiety was required.

Information sources and search strategy
We searched MEDLINE via PubMed, Cumulative Index 
to Nursing and Allied Health Literature (CINAHL), 
EMBASE, Cochrane Library, and Web of Science Core 
Collection from inception until 22nd of August 2024, 
using the search terms “preoperative anxiety”, “systematic 
review”, and “meta-analysis” (see Additional file 2 for the 
search strategy used for all databases; all search strategies 
were developed in collaboration with an information spe-
cialist from the university library). We also searched the 
reference lists of the included SRs to discover any addi-
tional eligible SRs. Conference abstracts, unpublished 
studies, and other grey literature were not searched.
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Study selection
After removing duplicates with Endnote, all records 
were imported into Rayyan for further screening. Three 
reviewers independently screened all titles and abstracts 
via Rayyan and subsequently reviewed the full text of all 
potentially eligible studies. Disagreements were resolved 
through discussion with the supervisor of the research 
team.

Overlap of systematic reviews
A citation matrix was developed to assess the degree of 
overlap among the included SRs by calculating the cor-
rected covered area (CCA) [19, 20]. The citation matrix 
consisted of all primary studies (rows) included in the 
SRs (columns), with the inclusion of a primary study in a 
particular SR indicated by a cross mark. CCA, expressed 
as a percentage, was calculated as (N − r)/(rc − r), where 
N is the total number of publications included in evi-
dence synthesis (i.e., the total number of times primary 
studies appeared across all SR, including double count-
ing), r is the number of rows (i.e., the number of primary 
studies), and c is the number of columns (i.e., the num-
ber of SRs). The degree of overlap was classified as very 
high (CCA > 15%), high (CCA 11–15%), moderate (CCA 
6–10%), or light (CCA 0–5%) [20].

We calculated the CCA across the entire matrix and 
looked for the SRs with complete/nearly complete over-
lap in their inclusion of primary studies. SRs with low or 
no overlap were analyzed directly. SRs with a high CCA 
score were compared by examining multiple sources, 
including research question definitions (i.e., participants, 
intervention, comparison, and outcomes); search and 
study selection strategies; and meta-analysis results, if 
available, etc.

Data extraction
A data extraction form was developed and pre-tested to 
extract data from the eligible SRs and the primary studies. 
Two reviewers (KLY and MMN) independently extracted 
data using the extraction form, compared their extracted 
data, and resolved disagreements through discussion. 
The third reviewer, the supervisor of the research team 
(KM), was actively involved when there was any discrep-
ancy between the two reviewers, and after further discus-
sion with him, a final decision was made.

We extracted the following data from the SRs: (a) bib-
liographic details (first author, year of publication, and 
study type); (b) participant demographics (sample size, 
age, gender, surgery type, etc.); (c) outcomes, includ-
ing preoperative anxiety and relevant physiological 
outcomes reported in the included SRs (outcome and 

measurement, synthesis model, effect size, pooled effect 
and 95% confidence intervals, heterogeneity, results of 
quality assessment, limitations, etc.).

To acquire comprehensive information on the inter-
vention implementation, we also extracted the following 
data from the primary studies: (a) bibliographic details 
(first author, year of publication, and study type); (b) par-
ticipant demographics (sample size, age, gender, surgery 
type, etc.); (c) intervention characteristics (a rationale 
for intervention, intervention content, delivery sched-
ule, interventionist, treatment fidelity, and setting); (d) 
outcomes (measurement instrument, post-intervention 
scores, change scores (i.e., change-from-baseline scores, 
if post-intervention scores were not available)).

Quality assessment
We used A MeaSurement Tool to Assess Systematic 
Reviews 2 (AMSTAR 2) checklist [21] to assess the qual-
ity of the included SRs. The AMSTAR 2 checklist con-
tains 16 items for assessing the quality of systematic 
review, with seven items recognized as critical domains. 
Each item was evaluated as “yes”, “partly yes”, and “no”. 
Three items (statistical methods in meta-analysis, bias 
influence, and publication bias assessment) were not 
applicable for systematic reviews without meta-analysis. 
The overall quality was classified as high, medium, low, 
and very low according to the guide of AMSTAR 2 [21]. 
Two reviewers (KLY and MMN) independently assessed 
the quality of the included SRs, and any discrepancies 
resolved through discussion. The third reviewer (KM), 
was actively involved to make final decisions when dis-
crepancies arose between the other two reviewers.

To strengthen the robustness of the meta-analysis, 
we collected the quality assessment results of the pri-
mary studies included in the eligible SRs regarding the 
critical item (i.e., random sequence generation). We 
then checked for consistency to determine whether the 
primary studies were included in more than one SR. 
If the quality assessment results were not consistent, 
two reviewers independently re-assessed the random 
sequence generation of those primary studies using the 
Cochrane risk of bias tool [22], and any discrepancies 
were solved by discussion.

Data synthesis and analysis
First, we conducted a narrative synthesis of the basic 
characteristics and findings of the included SRs. The 
intervention details were summarized in a Mind map 
via Microsoft Visio (Microsoft Corporation, Redmond, 
Washington, USA). Descriptive statistical analyses, i.e., 
frequencies, percentages, means, and standard devia-
tion, were used to present the study results and quality 
assessments.
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Updated meta-analyses were performed includ-
ing all primary studies in the SRs that were eligible for 
meta-analyses using R software version 4.6.3 (RStudio, 
Boston, MA). Estimates were pooled according to the 
Mantel–Haenszel random-effects model. Effect sizes 
were reported as mean difference (MD) standardized 
mean difference (SMD) with 95% confidence intervals 
(CI). We used MD for pooling post-intervention scores 
and change scores when anxiety scores were measured 
using same instrument, as it allowed for the combina-
tion of most studies and provided a direct interpreta-
tion of the intervention effect [18]. Additionally, we used 
SMD for pooling post-intervention scores when different 
anxiety measurement instruments were used, ensuring 
comparability across studies. We also conducted sen-
sitivity analyses to test the stability of the results of the 
meta-analyses by excluding non-randomized and inad-
equately randomized trials. Heterogeneity was assessed 
using the I2 statistic with I2 values of 25%, 50%, and 75% 
categorized as low, moderate, and high, respectively [23]. 
We performed subgroup analyses when there was at least 
one subgroup with two or more studies based on the fol-
lowing factors: study type, content of intervention, deliv-
ery methods, surgery/procedure type, and the age of the 
patients (as a categorical factor using a cut-off value of 
60 years for older age). We conducted visual inspection 
of the funnel plot asymmetry and Egger’s test to assess 
publication bias for any meta-analysis that included at 
least 10 studies, with a P value < 0.05 indicating the pres-
ence of publication bias [24]. A comparative analysis was 
conducted to evaluate the difference in the reduction of 
preoperative anxiety levels among various intervention 
contents when a subgroup difference was identified (P < 
0.05). We used the “gemtc” package in R (version 4.6.3) 
to perform a network meta-analysis using a multivari-
ate consistency model with random effects, generating 
pooled MD with 95% CI. We used surface under the 
cumulative ranking (SUCRA) curves to rank the inter-
vention content, which was expressed as a percentage, 
with a higher SUCRA value suggesting a greater prob-
ability of the intervention content being more effective. 
All results were listed in a league table.

Results
Search results
We identified 23,306 records by searching the electronic 
databases, and we screened the full text of 218 manu-
scripts after removing duplicates and screening the titles 
and abstracts. Ultimately, we included six SRs [15, 25–29] 
encompassing 40 primary studies, while excluding 212 
manuscripts for specified reasons (see Fig.  1). No addi-
tional eligible SRs were identified from the reference lists 
of the included SRs.

Characteristics of the included SRs
The included SRs were published from 2008 to 2023 
and consisted of 1 to 25 primary studies that reported 
preoperative anxiety levels and relevant outcomes, 
with sample sizes ranging from 159 to 2,051. All the 
SRs included RCTs and quasi-experimental studies or 
non-randomized controlled trials. Meta-analyses were 
conducted only in one SR [15], while the rest consisted 
solely of narrative syntheses. Five SRs only examined 
music intervention [15, 26–29] while one examined 
non-pharmacological interventions in general, includ-
ing music intervention [25]. The surgery type was not 
restricted in three SRs [15, 26, 28], while the remain-
ing three SRs specified the surgeries, i.e., cranial or 
spinal neurosurgery [27], breast cancer surgery [25], 
or coronary artery bypass graft (CABG) surgery [29]. 
Outcomes included in the eligible SRs contained preop-
erative anxiety levels and relevant physiological health 
outcomes. Table  1 presents the basic characteristics 
of the included SRs. Seven instruments to assess pre-
operative anxiety levels were identified in the included 
SRs, with the most frequently used instruments being 
the state subscale of the State-Trait Anxiety Inventory 
(STAI-S) [30] and the Visual Analogue Scale for anxiety 
(VAS-A) [31].

Quality assessment
One SR [18] was rated as high in quality, four SRs [27–
29, 31] were rated as moderate in quality, and one SR 
[30] was rated as low in quality. The results of the quality 
assessment are listed in Additional file 3. The low-quality 
SR failed to report on two of the seven critical domains: it 
failed to state that the methodology was established prior 
to conducting the SR, and it did not account for the risk 
of bias in individual studies when interpreting the results. 
The quality assessment results of the primary studies 
extracted from the included SR are listed in Additional 
file 4.

Overlap in systematic reviews
Low overall overlapping association was found in the 
six SRs (CCA = 5%). However, a high overlap was found 
between Bradt 2013 [15] and Gillen 2008 [26] (CCA 
= 12%). The participants and interventions described in 
Gillen 2008 [26] and Bradt 2013 [15] were broadly similar 
with both investigating the effect of music interventions 
on preoperative anxiety in adult patients. Bradt 2013 
[15] did include more primary studies due to its broader 
inclusion criteria, later literature search time, and more 
explicit screening and selection process. More details are 
included in Additional file 4.
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Details of interventions
Most of the included SRs reported detailed information 
on the interventions of the included primary studies to 
some extent, e.g., regarding the number of sessions, genre 
of music, duration of each session, delivery method, 
implementation time, and other related information. 
Because there was much variation across primary studies 
concerning these aspects, the key information on music 
intervention is comprehensively described in Additional 
file 5, and summarized in Fig. 2, which presents the most 
commonly reported intervention components included 
in the studies.

Almost all studies utilized pre-recorded music [32–
70], except for one study [71] which offered live music 
therapy and was therefore not included in the following 
analysis; one study [63] that offered both pre-recorded 
and live music to patients, but only the data from pre-
recorded music was used. Most of the studies offered 

one session of music intervention before surgery [32–46, 
48–51, 54–70]. The most frequently reported duration of 
music intervention was 20 min [38, 40–43, 46, 48, 49, 56, 
57, 61, 62, 65], delivered via headphones [32, 34, 38–40, 
43–48, 50, 51, 56, 58, 60, 62–65, 69]. Among a total of 
17 genres that have been reported, classical music is the 
most commonly used music genre [32–36, 39, 45, 49, 52, 
53, 58, 61, 64, 66, 67, 70]. Only 12 studies clarified the 
rationale behind music selection, with the main rationale 
being that music with a slow tempo and regular rhythm 
was considered to facilitate relaxation and decrease anxi-
ety [35, 46, 50, 57, 58, 61, 62]. Eight studies reported the 
involvement of music therapists or musicians in music 
selection (i.e., checking the selected music or compiling 
the music lists) [35, 40, 45, 57, 61–64].

The music tempo was documented in seven stud-
ies with four studies [35, 47, 50, 51] reporting a range 
of 60–80 beats per minute (bpm), two studies reporting 

Fig. 1  Flowchart of literature screening. Legend: CINAHL: Cumulative Index to Nursing and Allied Health Literature; WOSCC: Web of Science Core 
Collection; PA: preoperative anxiety
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60–72 bpm [38, 53], and one study reporting 70–80 bpm 
[46]. Two studies mentioned that music volume was con-
trolled at 50–55 dB [50, 51] and another at 25–30 dB 
[64]. In most studies, patients could select their preferred 
music from a list of music offered by the researchers 
[32–36, 38, 39, 41, 42, 45, 47, 51–58, 60–63, 66, 67, 69, 
70]. Two studies allowed patients to listen to their per-
sonal music lists [37, 44], while nine studies only allowed 
patients to listen to the playlist selected by the research-
ers [40, 43, 46, 48–50, 59, 64, 65].

Meta‑analyses for preoperative anxiety
The following meta-analyses were based on data from 
30 primary studies drawn from the six SRs examining 
the effects of music intervention on preoperative anxiety 
levels. First of all, the meta-analysis of 19 primary stud-
ies that used STAI-S showed that patients who received 
music intervention had lower preoperative anxiety lev-
els than those who did not (MD = −5.20, 95%CI (−6.32, 
−4.07), I2 = 49%, n = 19) (Fig. 3a). Similar findings were 
found in sensitivity analyses, in which we excluded non-
randomized and inadequately randomized trials (MD 
= −4.95, 95%CI (−6.50, −3.41), I2 = 45%, n = 7) and stud-
ies showing much larger beneficial effects than others 
(i.e., Arslan 2008 [33], Haun 2001 [65], Winter 1994 [60], 
and Miluk-Kolasa 2002 [54]; MD = 4.12, 95%CI (−4.33, 
−3.92), I2 = 0, n = 15). Although the funnel plot (Addi-
tional file  6) showed a slight asymmetry, Egger’s test (t 
= −1.90, df = 17, p = 0.07), suggested no significant evi-
dence for publication bias.

The results of the subgroup analysis are listed in 
Table  2. Statistically significant differences (p < 0.01) in 

the subgroup analysis were found for different durations 
of music intervention (i.e., less than 20 min, 20 min, and 
longer than 20 min). Music interventions of 20 min or 
longer managed to reduce preoperative anxiety levels, 
with intervention longer than 20 min proving the most 
effective. A detailed comparison of the three different 
music intervention durations is summarized in Addi-
tional file 7. In addition, patients younger than 60 years 
of age appeared to benefit more from music interven-
tion than patients aged 60 or older (test for subgroup 
differences p = 0.03). Furthermore, patients undergoing 
surgical procedures seemed to benefit more from music 
intervention in reducing preoperative anxiety compared 
to patients receiving other medical procedures, such as 
cardiac catheterization, arthroscopy, and biopsy (test for 
subgroup differences p = 0.03). No statistically signifi-
cant subgroup difference was detected between patients 
listening to music selected by the researchers and those 
choosing their own music (p = 0.28).

The pooled results of primary studies using VAS-A 
(MD = −1.69, 95%CI (−2.31, −1.08), I2 = 85%, n = 9, see 
forest plot in Fig.  3b), and the results of the sensitivity 
analysis were stable when excluding inadequately ran-
domized trials (MD = −2.01, 95%CI (−3.04, −0.98), I2 = 
82%, n = 4) and studies showing much larger beneficial 
effects than others (i.e., Hook 2008 [47] and Lin 2011 
[53]; MD = −1.30, 95%CI (−1.72, −0.88), I2 = 56%, n = 
7). The subgroup analysis did not show statistically sig-
nificant subgroup differences for different durations (p = 
0.53) and music selection (p = 0.17), while the preopera-
tive anxiety reduction in patients receiving two sessions 
of music was greater than in patients receiving only one 

Fig. 2  Summary of interventions details of music intervention. Legend: This figure summarizes the details of the most reported content 
on music intervention. The most reported duration was 20 min, with a single session being the norm, and the most reported delivery method 
was headphone, typically administered on the day of surgery, and classical music was the most provided genre
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session (test for subgroup differences p < 0.01) Further 
details of the subgroup analysis on VAS-A are available 
in Table 2.

The pooled result of primary studies that reported 
post-intervention scores, regardless of the instruments 
used (i.e., STAI-S, VAS-A, or Zung Self-Rating Anxiety 

Scale), also demonstrated the anxiety-reducing effect 
of music intervention (SMD = −0.71, 95%CI (−0.92, 
−0.49), I2 = 79%, n = 20, see forest plot in Additional 
file  8). A stable result was obtained when excluding 
non-randomized and inadequately randomized trials 
(SMD = −0.45, 95%CI (−0.70, −0.19), I2 = 70%, n = 7).

Fig. 3  Forest plot for meta-analysis of music intervention on preoperative anxiety levels Legend: a Forest plot for meta-analysis of music 
intervention on preoperative anxiety levels (only state subscale of State-Trait Anxiety Inventory); b Forest plot for meta-analysis of music 
intervention on preoperative anxiety levels (only Visual Analogue Scale)
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Physiological outcome measures
Physiological outcomes related to preoperative anxiety 
were descriptively depicted in five SRs [15, 25–28] and 
were pooled for meta-analysis in only one SR [29].

The differences between the intervention and con-
trol groups were statistically significant for heart rate 
(HR, MD = −2.50, 95%CI (−4.18, −0.81), I2 = 74%, n = 
20) and diastolic blood pressure (DBP, MD = −1.98, 
95%CI (−3.43, −0.54), I2 = 76%, n = 17), but not for sys-
tolic blood pressure (SBP, MD = −4.01, 95%CI (−9.95, 
1.94), I2 = 97%, n = 18). However, excluding studies 
with inadequate randomization changed the results 
of the meta-analysis for both HR and DBP from sig-
nificant to non-significant. Regarding heart rate vari-
ability (HRV), the meta-analysis showed evidence that 
music intervention affected the low to high frequency 
(LF/HF) ratio (MD = −0.60, 95%CI (−0.99, −0.21), 
I2 = 55%, n = 4), which is one of the measurements for 

HRV. Furthermore, music intervention was not able to 
significantly reduce respiratory rate (RR, MD = −0.58, 
95%CI (−1.54, 0.38), I2 = 95%, n = 9), which was further 
confirmed by the sensitivity analysis excluding studies 
with inadequate randomization. More results are listed 
in Additional file 8.

Other less frequently reported physiological out-
comes, including salivary cortisol [45], blood glucose 
level [55], stroke volume [55], cardiac output [55], and 
skin conductivity response [45] also proved to be sig-
nificantly reduced in the music intervention group. For 
skin temperature – included in two studies – the results 
were inconsistent, with one study reporting a statisti-
cally significant increase in skin temperature in the 
music intervention group, while the other study found 
no difference between intervention and control groups 
[45, 55].

Table 2  Subgroup analyses results for music interventions on preoperative anxiety level

STAI-S State anxiety subscale of State-Trait Anxiety Inventory, VAS-A Visual Analogue Scale for anxiety, MD mean difference, CI confidence interval
a The study that provided 8 sessions of music to patients (Lin 2011) were not included in this subgroup analysis

Subgroup analyses Effect size I2 Number of studies Subgroup 
differences

Preoperative anxiety (STAI-S)
Study type p = 0.16

  RCT​ MD = −4.49, 95%CI (−5.42, −3.57) 23% 12

  CCT​ MD = −6.74, 95%CI (−9.72, −3.77) 54% 7

Age p = 0.03
  less than 60 years old MD = −6.02, 95%CI (−7.58, −4.46) 61% 14

  more than 60 years old MD = −3.45, 95%CI (−5.22, −1.68) 0% 4

Duration p < 0.01
  more than 20 min MD = −7.25, 95%CI (−9.31, −5.20) 56% 7

  20 min MD = −4.11, 95%CI (−4.32, −3.91) 0 7

  less than 20 min MD = −2.95, 95%CI (−4.91, −0.98) 0 4

Music selection p = 0.28

  Research selected MD = −6.36, 95%CI (−8.56, −4.17) 0 4

  Patient selected MD = −4.96, 95%CI (−6.21, −3.72) 51% 15

Surgery type p = 0.03
  Surgery MD = −6.06, 95%CI (−7.70, −4.43) 59% 13

  Medical procedure MD = −3.71, 95%CI (−5.14, −2.27) 3% 6

Preoperative anxiety (VAS-A)
  Duration p = 0.53

  more than 20 min MD = −2.25, 95%CI (−3.83, −0.66) 93% 3

  20 min MD = −1.57, 95%CI (−2.48, −0.66) 67% 3

  less than 20 min MD = −1.25, 95%CI (−2.05, −0.44) 64% 3

  Music selection p = 0.17

  Research selected MD = −1.23, 95%CI (−1.73, −0.73) 30% 3

  Patient selected MD = −1.95, 95%CI (−2.85, −1.05) 89% 6

  Sessiona p < 0.01
  1 session MD = −1.30, 95%CI (−1.72, −0.88) 56% 7

  2 sessions MD = −3.02, 95%CI (−3.52, −2.52) 0 2
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Discussion
Main findings
This umbrella review synthesizes the results of previ-
ous SRs and updates the meta-analyses on the effect of 
music intervention on reducing preoperative anxiety in 
adult patients. Overall, music intervention seems to have 
a significant anxiolytic effect on patients before surgery. 
The results of the subgroup analyses suggest that extend-
ing the duration of music intervention to 20 min or more 
may yield better outcomes in reducing preoperative anxi-
ety levels; and patients younger than 60 years of age may 
benefit more from music intervention in comparison to 
older patients. However, no conclusive evidence was 
found regarding the effect of music intervention on phys-
iological responses, except for a small effect on reducing 
HR and DBP.

Intervention reporting
Complete and transparent reporting of the intervention 
is one of the prerequisites for a good clinical study and 
could improve the comparability of outcomes across 
diverse clinical settings. Unfortunately, many included 
studies lacked detailed protocols for music delivery, 
potentially diminishing confidence in applying this inter-
vention and affecting its effectiveness in practice. Only 
a few primary studies comprehensively described the 
intervention including the rationale for music selection 
[35, 46, 50, 57, 58, 61, 62], the volume and tempo of the 
music [35, 38, 46, 47, 50, 50, 51, 51, 53, 64], the specific 
timing of the implementation [32, 35, 45, 48, 51, 53, 56, 
58, 62, 67, 71], and the settings [41, 51, 53, 55, 59, 61, 
67]. Additionally, very few studies outlined the strategies 
employed to ensure that the interventions were deliv-
ered as intended [47, 58]. Inadequate reporting of treat-
ment fidelity hinders the accurate assessment of music 
intervention efficacy, as clear descriptions are essential 
for ensuring interventions are delivered as intended and 
for accurately interpreting the study outcomes [72]. A 
prior systematic review of music intervention research 
in healthcare also emphasized the insufficient report-
ing of treatment fidelity strategies [73]. The Checklist for 
Reporting Music-Based Interventions provides a struc-
tured framework that could improve the reporting qual-
ity, rigor and clinical relevance of future research in this 
field [74].

Interpretation of the results
The conclusions of the included SRs have clearly showed 
that music intervention has a beneficial effect on reduc-
ing preoperative anxiety in adult surgical patients 
and highlights its potential as a non-pharmacological 
approach for alleviating anxiety prior to surgery in 

clinical settings. However, the quality of the included SRs 
was unsatisfied, with only one SR being of high quality, 
which may limit the confidence in the conclusions. Addi-
tionally, the moderate to high heterogeneity among the 
included studies in the meta-analysis suggests that the 
results should be interpreted with caution.

Regarding the duration of music intervention, we found 
that music intervention may effectively reduce preopera-
tive anxiety when its duration is 20 min or longer. Nev-
ertheless, lacking direct pairwise comparisons among 
most primary studies may limit the strength of this evi-
dence. An RCT found no significant difference between a 
30-min and a 15-min music session on reducing preoper-
ative anxiety in patients undergoing ambulatory surgery 
[75]. Regarding music preference, the difference between 
patient-selected music and researcher-selected music 
did not prove statistically significant in our meta-analy-
sis, aligning with findings from an RCT investigating the 
effects of patient-selected music versus predetermined 
music on patient anxiety before gynecological surgery 
[76]. Conversely, another meta-analysis suggested that 
patient-selected music was more effective in reducing 
preoperative anxiety. However, similar to our meta-anal-
ysis, it lacked direct comparative data to support a defini-
tive conclusion [77]. In terms of the number of sessions, 
two sessions of music intervention showed greater effec-
tiveness in reducing preoperative anxiety compared to a 
single session. This finding seems to be consistent with 
another study which found that longer or repeated expo-
sure to music therapy was associated with lower anxiety 
levels, although it focused on anxiety in general rather 
than preoperative anxiety specifically [78]. Hence, more 
direct comparative studies are needed to substantiate the 
effectiveness of specific components of music interven-
tion in different contexts.

Patients under 60 seemed to benefit more from music 
intervention than older patients, possibly due to differ-
ences in general health status and their response to music 
intervention. Older patients were more frequently con-
fronted with complex and multifaceted health challenges 
and hearing impairments, which can affect the efficacy 
of music interventions [79]. Unfortunately, none of the 
primary studies with an average participant age of over 
60 years took into account the effect of potential hear-
ing impairments. Older individuals tend to exhibit more 
stable emotional experiences and have effective coping 
strategies, enhancing emotional regulation and mitigat-
ing the impact of negative events [80, 81]. Besides, age-
related reductions in parasympathetic activity may 
counteract the calming effects of music intervention 
[82–84]. Regarding the levels of invasiveness of the pro-
cedures, music intervention may be more pronounced 
in patients undergoing surgery than in those undergoing 
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medical procedure, possibly due to the more significant 
physical trauma and recovery challenges associated with 
surgery. It is important to acknowledge that the limited 
number of studies as well as the small sample size in the 
subgroup analyses might increase the probability of find-
ing positive results by chance alone.

We could not draw a firm conclusion regarding 
patients’ physiological responses to preoperative music 
listening due to inconsistent results across studies. Vari-
ations in outcomes reporting, with some studies pro-
viding absolute values and others reporting baseline 
changes, may contribute to this uncertainty. We pooled 
results using MD to include as many results as possible 
and conducted sensitivity analyses, but moderate to high 
heterogeneity were observed, suggesting cautious inter-
pretation. Additionally, the mild decrease in heart rate 
in the music intervention group may not be clinically 
significant.

Limitations and strengths
The comprehensive search strategy and the use of 
the AMSTAR 2 tool guaranteed the comprehensive-
ness and objectivity of the evidence. In addition, the 
PRISMA guidelines were followed to guarantee adequate 
reporting.

Nevertheless, some limitations need to be considered. 
First, more recent primary studies may not be included, 
as we did not update the retrieval of relevant primary 
studies. Second, moderate to high heterogeneity was 
found in the meta-analyses. Despite excluding SRs that 
did not clearly distinguish preoperative anxiety from anx-
iety in other perioperative phases, the heterogeneity was 
still noticeable. Subgroup analyses and sensitivity analy-
ses could not identify the source of this heterogeneity. 
Therefore, we have considered the heterogeneity and the 
limited statistical power of the analyses when interpret-
ing the results and drawing conclusions. Additionally, 
while we considered baseline confounders between the 
groups and used change scores in studies with substan-
tial baseline differences, the absence of randomization 
may still introduce unobserved confounders. To address 
this concern, we have conducted subgroup and sensitivity 
analyses regarding study types and randomization ade-
quacy to strengthen the confidence of the results. How-
ever, excluding non-randomized studies might enhance 
the internal validity of the obtained results but poten-
tially limit the generalizability. Additionally, the overall 
overlap in our umbrella review was low, though a high 
overlap was observed between two SRs. To minimize 
this, our primary results were derived from individual 
primary studies, reducing the impact of overlap on the 
main outcomes. However, this approach has certain limi-
tations. Compared to other methodological approaches 

dealing with overlap in primary studies across SRs, it is 
more resource intensive and may not always be feasible 
[85]. Finally, although the funnel plot and Egger’s test 
did not indicate significant evidence for publication bias, 
our findings depended on the eligibility criteria of the 
included SRs, which might introduce the potential influ-
ence of publication bias.

Implications for future research
We believe that, especially in busy clinical settings, music 
intervention has a high potential to reduce preoperative 
anxiety in adult surgical patients. While this umbrella 
review has demonstrated the effectiveness of music 
intervention, there remains a need for more rigorously 
designed clinical trials with detailed methodologies. Such 
trials should provide high-quality and well-powered evi-
dence to facilitate comprehensive comparisons of inter-
vention components and contribute to the establishment 
of practical guidelines for music intervention [86, 87]. 
Finally, and most importantly, the effect of music inter-
vention is closely tied to the characteristics of the tar-
geted populations, including listening ability, type of 
surgery, age, etc. Therefore, it is worth implementing 
music intervention protocols tailored to patients of inter-
est, as this may allow the interventions to achieve their 
full potential.

Conclusion
Evidence from this umbrella review suggests that music 
intervention is a promising strategy to efficiently reduce 
preoperative anxiety levels in adult surgical patients. 
However, to further refine the intervention components 
and the implementation process, improvements are 
needed in both the reporting and the methodological 
quality of primary studies.
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