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Abstract. – Aggravating disease and the ac-
companying increase in the frequency of hemo-
dialysis interventions worsen the quality of life 
of patients leading to poor physical and psycho-
logical outcomes. Music-based interventions 
have been suggested to improve both the phys-
ical and psychological prognoses for patients 
undergoing hemodialysis. Two meta-analyses 
on the impact of music-based interventions on 
anxiety in patients undergoing hemodialysis 
failed to evaluate the impact of these interven-
tions on other physiological outcomes. There-
fore, in this study, we gather evidence on the 
effects of music-based interventions on physi-
cal and psychological outcomes in patients with 
chronic kidney disease undergoing hemodialy-
sis. To determine the influence of music-based 
interventions on anxiety, pain, heart rate, and 
blood pressure (systolic, diastolic) in patients 
with chronic kidney disease undergoing hemo-
dialysis, we performed a systematic literature 
search adhering to PRISMA guidelines on the 
EMBASE, CENTRAL, Scopus, and MEDLINE ac-
ademic databases. We performed meta-anal-
yses to consolidate the evidence on the influ-
ence of music-based interventions on the physi-
cal and psychological outcomes of patients with 
chronic kidney disease undergoing hemodialy-
sis. From 1,402 studies, we found eight eligible 
studies with 597 (264 women, 287 men) patients 
with chronic kidney disease undergoing hemo-
dialysis (mean age, 56.9 ± 10.8 years). Among 
these patients, 298 received the music-based in-
tervention and 299 were included as controls. 
Our meta-analysis revealed a small-to-medium 
effect of the music-based intervention to reduce 
pain levels (Hedge’s g, -0.75), anxiety (-0.16), heart 
rate (-0.15), and systolic (-0.14) and diastolic blood 
pressure (-0.11) in patients with chronic kidney 
disease receiving hemodialysis as compared to 
the values of the same variables in the control 
group. The evidence from our analyses supports 
the beneficial impact of music-based interven-
tions to alleviate anxiety and pain, and to reduce 
heart rate and blood pressure in these patients.
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Introduction

Chronic kidney disease is one of the most com-
mon renal disorders in the world1. According to 
the National Kidney Foundation2, chronic kidney 
disease is a pathological condition characterized 
by a reduced glomerular filtration rate (i.e., ≤ 60 
ml/min/1.73 m2). Epidemiological studies1,3 have 
widely reported a high prevalence rate (i.e.,10.6% 
to 13.4%) of chronic kidney disease among gen-
eral populations and the World Health Organiza-
tion acknowledges that almost 1.1 million annual 
deaths worldwide are due to chronic kidney dis-
ease4.  

Chronic kidney disease progresses relentlessly 
in terms of severity due to the expansive nature 
of the interstitial renal-fibrosis5,6. Here, persistent 
levels of proteinuria, inflammatory markers, and 
the release of morphogenic cytokines that affect 
the nephrotic activity are thought to be the princi-
pal underlying mechanisms aggravating the dis-
ease5,7. Under severe circumstances with glomer-
ular filtration rates lower than 15 ml/min/1.73 m2,
renal replacement therapy including hemodialysis 
is necessary8. Hemodialysis consists in the exter-
nal filtration of blood through a dialyzer, thereby 
reducing the stress on the deficient nephrotic 
structures9. Despite enhancing the survival of 
patients with severe chronic kidney disease, he-
modialysis causes psychological and physiologi-
cal deficits in its patients10,11. Patients commonly 
exhibit signs of psychological distress in the form 
of heightened anxiety, depression, and stress due 
to the complex, long-term, and demanding nature 
of hemodialysis12,13. 

Furthermore, the restrictive nature of the man-
agement schedule14, diet15, and medications16 im-
posed are additional factors contributing to the 
development of the psychological manifestations. 
Moreover, hemodialysis can instigate a range 
of physiological manifestations including pain, 
increased heart rate, hypotension, cramps, and 
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fatigue17,18. Of note, Davison (2003)19 reported that 
almost 55% of their cohort undergoing hemodi-
alysis complained of severe pain. The adminis-
tration of central catheters during hemodialysis 
can promote painful neuropathies of ischemic 
origin adding to the discomfort that arises due to 
the chronic kidney disease. Negative impacts on 
cardiovascular metabolic variables, such as heart 
rate and blood pressure, have also been docu-
mented for patients undergoing hemodialysis20-22. 
The accumulated negative impact of these man-
ifestations has been associated with poor adher-
ence rates to hemodialysis23, eventually leading 
to morbidity- and mortality-related outcomes for 
these patients. 

The management of these psychophysiological 
manifestations during hemodialysis is usually 
resolved with pharmacological medications24-26. 
However, concerns about the adverse-effects, in-
effectiveness, costs, and inability of drugs to 
resolve the underlying pathology have promoted 
the use of complementary non-pharmacological 
alternatives, such as music-based interventions27. 
The existing literature suggests that music-based 
interventions are one of the most efficient com-
plementary therapies alleviating psychological 
and physiological manifestations associated with 
different diseases28-31. The neurologic influence of 
music-based interventions (including increased 
dopamine and endorphin production) may ex-
plain their beneficial effects, which include low-
ering levels of anxiety, pain, and heart rate32-34.

However, a consensus on the influence of mu-
sic-based interventions in patients with chronic 
kidney disease undergoing hemodialysis is still 
missing. Only two systematic reviews and me-
ta-analyses27,35 have reported the influence of 
music-based interventions on the psychological 
outcomes associated with anxiety. Both studies 
reported a medium standardized mean effect of 
music-based interventions to alleviate anxiety in 
patients with chronic kidney disease undergoing 
hemodialysis. But, as a limitation, these stud-
ies failed to evaluate the physiological influence 
of music-based interventions (especially on the 
cardiovascular outcomes of patients with chron-
ic kidney disease undergoing hemodialysis). An 
updated systematic review and meta-analysis are 
strongly warranted.

Therefore, we synthesized the evidence regard-
ing the influence of music-based interventions in 
patients with chronic kidney disease undergoing 
hemodialysis. In addition, we attempted to devel-
op a state of evidence regarding the magnitude of 

the influence associated with music-based inter-
ventions on anxiety, pain, heart rate, and blood 
pressure (systolic, diastolic) in these patients. 
Our findings should be beneficial to nephrologists 
across the world to determine best practice guide-
lines for patients with chronic kidney disease 
undergoing hemodialysis. 

Materials and Methods

We followed the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Anal-
yses) guidelines to perform our systematic review 
and meta-analysis36. 

Data Search Strategy
We searched the EMBASE, MEDLINE, CEN-

TRAL, and Scopus scientific databases from 
inception until September 2020 using a combina-
tion of the following MeSH keywords: “Chronic 
kidney disease”, “CKD”, “Hemodialysis”, “Anx-
iety”, “Sleep”, “Pain”, “Heart rate”, “Blood pres-
sure”, and “Cardiovascular”. Moreover, we man-
ually screened the bibliography section of the 
retrieved studies to identify further relevant stud-
ies. During the screening procedure, we adhered 
to the following inclusion criteria for our review: 
– Studies evaluating the influence of music-based 

interventions on patients undergoing hemodi-
alysis.

– Studies performed on the human population.
– Studies evaluating the influence of mu-

sic-based interventions on anxiety, pain, heart 
rate, sleep, and blood pressure (systolic, dia-
stolic) outcomes.

– The studies were either randomized-controlled 
trials, quasi-randomized controlled trials, or 
controlled-clinical trials.

– The studies were published in peer-reviewed 
scientific journals or conferences.

– The studies were published in the English.  

Two reviewers independently performed the 
screening of the studies and held discussions 
with a third independent reviewer for arbitration 
in cases of disagreement. We extracted the fol-
lowing data from the included studies: author in-
formation, descriptive data, sample distribution, 
duration of music intervention, type of music in-
tervention, evaluated parameters, and outcomes. 
Furthermore, we made attempts to contact the 
corresponding authors of publications missing 
quantitative values for gaining access to the data.



X.-L. Wu, B. Ji, S.-D. Yao, L.-L. Wang, Z.-Y. Jiang

3824

Quality Assessment
We assessed the risk of bias of the included stud-

ies using the Cochrane risk of bias assessment tool 
for randomized controlled trials37. The tool consid-
ers inadequate randomization, selective reporting, 
concealed allocation, blinding of outcomes, and 
incomplete data as major bias threats. Two review-
ers independently appraised the methodological 
quality of the studies and again held discussions 
with a third reviewer to conciliate disagreements.

Data Analysis
We carried out a meta-analysis with the ac-

quired data from the studies by using the Com-
prehensive Meta-analysis software version 2.038. 
The within group meta-analysis was performed 
according to a random effects model39. We calcu-
lated the pooled weighted effect size as Hedge’s g 
and assessed the heterogeneity among the studies 
by computing I2 statistics (we considered values 
0-25% as representing negligible heterogeneity, 
values of 25%-75% as representing moderate 
heterogeneity, and values higher than 75% as 
representing substantial heterogeneity)40. We dis-
tributed the data and performed analyses for the 
overall mortality and hospitalization outcomes. 
We reported rate ratios, 95% confidence inter-
vals, levels of significance, and heterogeneity. 

Also, we assessed publication bias by using Du-
val and Tweedy’s trim and fill procedure41. This 
method presents a nuanced perspective of the 
overall effect and predicts shifts in cases of ap-
parent bias. The analysis can identify any unbi-
ased effects by asserting studies from either side 
of the plotted graph. We set the alpha level of 
significance at 95%.

Results

Our systematic search yielded 1375 studies. 
We also found 27 studies after screening the 
bibliography of articles (Figure 1). Eight studies 
met our inclusion criteria. All of them were ran-
domized controlled trials42-49. We extracted and 
summarized the data of the included studies in 
detail (Table I). 

Participant Information 
The eight studies included evaluated a total of 

597 patients (264 women and 287 men) under-
going hemodialysis. One study failed to report 
the gender distribution47.  The average age of the 
patients was 56.9 ± 10.8 years (three studies failed 
to report the average age in their sample)43,47,49. 
In the sub-groups, we evaluated data from 298 

Figure 1. PRISMA flow-
chart.
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Table I. Details of the studies included.

    Sample size Overall age     
   Study (women, in years Intervention Music Evaluated  
 Study Country design men) (mean ± S.D.) Duration type variables Outcomes

Melo et al. (2018) Brazil Randomized  Exp: 30 Exp: 42.1 ± 13.4 Exp: Exp: State trait Significantly reduced
  controlled study (13 W, 17M) Ct: 44.3 ± 13.9 30 minutes Classical anxiety anxiety, blood pressure
   Ct: 30   Ct: - music inventory,  (systolic), heart rate, and
   (14W, 16M)   Ct: -  blood pressure respiratory rate in Exp
        (systolic and  as compared to Ct.
       diastolic), and  Reduced blood pressure
       heart rate (diastolic) in Exp as
        compared to Ct.

Momennasab Iran Randomized  Exp: 34 Exp: Exp: Piano Pittsburgh Significant
et al. (2018)   controlled study (14W, 20M) 49.8 ± 11.5 50-minutes improvisation Sleep Quality improvement in Exp
   Ct: 35 Ct:  Ct: -  Index as compared to Ct.
   (19W, 16M) 48.8 ± 11.1    

Midilli et al. Turkey Randomized Exp: 23 59 ± 16 Exp:  Classical, Blood pressure Reduction in blood
(2017)  controlled study Ct: 23 Exp: - 30-minutes pop and (systolic and pressure (systolic and
    Ct: - Ct: - arabesque diastolic), heart diastolic), heart rate, 
      music rate, and and respiratory rate in
       respiratory rate Exp as compared to Ct.
        
Burrai et al.  Italy Randomized Exp: 57 Exp: Exp:  Saxophone Blood pressure Significant reduction
(2014)   controlled study (32W, 25M) 68.9 ± 9.5 30-minutes music (systolic and in visual analog scale
   Ct: 57 Ct:  Ct: -  diastolic),  score in Exp as 
   (33W, 24M) 67.4 ± 13.7   heart rate,  compared to Ct.
       visual analogue  Reduction in blood
       scale score   pressure (systolic) in
        Exp as compared to Ct.
        No difference in heart 
        rate, blood pressure
        (diastolic) between 
        Exp and Ct.

Continued
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Table I (Continued). Details of the studies included.

    Sample size Overall age     
   Study (women, in years Intervention Music Evaluated  
 Study Country design men) (mean ± S.D.) Duration type variables Outcomes

Koca Kutlu Turkey Randomized  Exp: 30 Exp:  Exp:  Violin and Perception of Significant reduction in
and Eren (2014)   controlled study  (10W, 20M) 55.1 ± 9.6 30-minutes piano music levels of pain, pain, nausea level in
    Ct: 30 Ct:  for 12 sessions cramp, vomiting Exp as compared to
    (13W, 17M) 50.8 ± 11.1 Ct: -  nausea, and  Ct after 12 sessions.
       duration of Reduction in level of 
       dialysis duration of dialysis, 
        cramp, and vomiting in
        Exp as compared to Ct.

Cantekin and Turkey Controlled  Exp: 50 Exp: - Exp: - Rast and State trait Significant reduction in
Tan (2013)   clinical study (24W, 26M) Ct: - Ct: - Usak anxiety anxiety levels in Exp  
   Ct: 50   melody inventory as compared to Ct.
   (23W, 27M)     

Lin et al. (2012) China Randomized  Exp: 44 Exp: Exp:  - Heart rate and Reduction in heart rate
   controlled (22W, 22M) 69.1 ± 7.8 20 minutes blood pressure and blood pressure
   study Ct: 44 Ct: - for 3 times (systolic and (systolic and diastolic)
    (29W, 15M) 75.5 ± 9.1 per week diastolic) in Exp as compared
      Ct: -  to Ct.

Pothoulaki Greece Randomized  Exp: 30 52.9 Exp: - Greek folk music, McGill pain Significant reduction in
et al. (2008)   controlled study (11W, 19M) Exp: - Ct: - ethnic music, questionnaire anxiety score in Exp as
    Ct: 30 Ct: -  jazz, and and state traii compared to Ct
    (7W, 23M)  classical music anxiety scale Reduction in percepti
        of pain in Exp as
        compared to Ct.

Exp, experimental group; Ct, control group; W, women; M, men.
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patients receiving music intervention. The gender 
distribution included a total of 126 women and 
149 men. The average age in the experimental 
group was 57 ± 11.8 years. The control group 
had 299 patients (138 women and 138 men). The 
average age of the population in the control group 
was 57.3 ± 13.3 years.

Publication Bias
We applied Duval and Tweedy’s trim and fill 

method to identify any missing studies accord-
ing to the random effects model on both sides of 
the funnel plot; the point estimates and the 95% 
confidence intervals for all the combined studies 
were -0.22 and (-0.33 to -0.12), respectively. After 
applying the trim and fill method, these values 
remained unchanged. Figure 2 shows the publi-
cation bias report details.

Quality Assessment for Randomized 
Controlled Trials

Table II shows the results of our analysis of the 
risk of bias in the methodology of the randomized 

controlled trials. The overall risk was high. We 
observed a lack of random sequence generation, 
selecting reporting, and other biases. Figure 3 
illustrates the overall risk of bias.

Meta-Analysis Report

Anxiety Outcomes (State Trait 
Anxiety Inventory)

Three studies in our meta-analysis reported 
overall anxiety outcomes as identified by the 
state trait anxiety inventory43,46,49. A small nega-
tive pooled weighted effect size as Hedge’s g was 
-0.16 (95% CI, -0.42 to 0.1; p=0.23) (Figure 4), 
without heterogeneity (I2, 0%).

Pain
Three studies reported the overall perceived 

level of pain42,44,49. The medium negative pooled 
weighted effect size as Hedge’s g was -0.75 (95% 
CI, -1.07 to -0.42; p<0.01) (Figure 5), with negli-
gible heterogeneity (I2, 1.2%).

Heart Rate
Five studies reported the outcome for heart 

rate42,45-47,49. Overall a small negative effect size 
reported as Hedge’s g was -0.15 (95% CI, -0.35 
to 0.05; p=0.14) (Figure 6), without heterogeneity 
(I2, 0%).

Systolic Blood Pressure 
Four studies reported the outcome for systolic 

blood pressure42,45-47. The overall pooled weighted 
effect size as Hedge’s g was -0.14 (95% CI, -0.36 
to 0.07; p=0.20) (Figure 7), without heterogeneity 
(I2, 0%).

Figure 2. Publication bias by Duval & Tweedy’s trim and 
fill method.

Table II. Risk of bias within studies according to Cochrane risk of bias tool for randomized controlled trials.

 Random Concealment Blinding Blinding Incomplete Threshold  
 sequence of of of outcome pre- Selective Other
 generation allocation participant outcome data specified reporting biases

Melo et al (2018) + + + + + + + +

Momennasab et al (2018) ? + + + + + + +

Midilli et al (2017) ? + + + - + ? ?

Burrai et al (2014) ? + + + + + + +

Koca Kutlu and Eren (2014) ? + + + + + + ?

Cantekin and Tan (2013) ? + + + - + ? ?

Lin et al (2012) ? + + + + + + +

Pothoulaki et al (2008) ? + + + - + ? ?
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Diastolic Blood Pressure 
Four studies reported the outcome for diastolic 

blood pressure42,45-47. The overall pooled weighted 
effect size was small and in the negative direction 
as g -0.11 (95% CI, -0.33 to 0.11; p=0.32) (Figure 
8), without heterogeneity (I2, 0%).

Discussion

This systematic review and meta-analysis pro-
vides a comprehensive state of the evidence on 
the influence of music-based interventions on 
the physiological and psychological outcomes of 
patients with chronic kidney disease undergoing 
hemodialysis. We found an overall beneficial 
influence of music-based interventions on the 
anxiety, pain, heart rate, and blood pressure (sys-
tolic, diastolic) outcomes of patients with chronic 
kidney disease undergoing hemodialysis when 
compared to the outcomes in control patients.

The management of chronic kidney disease 
is challenging for nephrologists due to its atyp-
ical pathophysiological mechanisms, co-existing 
morbidities, and clinical manifestations50,51. The 
management of severely progressive cases by 
means of renal replacement therapy (i.e., hemo-
dialysis), although necessary, leads to unwant-
ed physiological and psychological outcomes 
that can promote the morbidity and mortality 
of patients12,52-55. Different mechanisms could be 
behind the aggravating manifestations, such as 
pain, fatigue, cramps, and nausea in patients 
undergoing hemodialysis56. Sabitha et al (2008)57 
mentioned cannulation of arterial and venous fis-
tulas during hemodialysis as a major underlying 
cause of pain and discomfort; the cannulation 
procedures largely take place in the absence of 
local anesthetic agents because of concerns for 
latent vasoconstriction, infection, and scarring. 
Moreover, the negative implications of hemodi-
alysis in terms of psychological outcomes (i.e., 
anxiety, stress, and depression) have also been 
widely documented. Murray et al (2006)58 report-
ed that patients undergoing hemodialysis exhibit 
higher levels of cognitive deficits, of fatigue, and 
of sleep disorders59,60, and the restrictive nature of 
the treatment in terms of independence and diet 
also promotes the onset of psychological disor-
ders. Together, these changes eventually worsen 
the treatment adherence, morbidity, and mortality 
outcomes in these patients61,62. 

Complementary therapies, such as music-based 
interventions, have been implemented in the past 
decade to manage these psychological and phys-
iological deficits27,35. Music-based interventions 

Figure 3. Risk of bias according to the Cochrane risk of 
bias assessment for the randomized controlled trials.

Figure 4. Forest plot for studies evaluating the influence of music-based interventions on anxiety in patients with chronic 
kidney disease undergoing hemodialysis. Adjusted hazard ratios are presented as black boxes and 95% confidence intervals as 
whiskers. A negative effect size represents reduced anxiety levels for the experimental group, whereas the positive rate ratio 
represents a reduced anxiety level for the control group.
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are favored because they have been considered 
effective in alleviating psychophysiological defi-
cits in patients undergoing hemodialysis, while 
avoiding the adverse effects of pharmacological 
medications63,64. In our review, we observed a 
range of studies reporting the predominant influ-

ence of music-based interventions to reduce the 
pain-related outcomes in these patients. Pothou-
laki et al (2008)49 reported beneficial effects of 
music-based intervention on perceived levels of 
pain (1.2 ± 2.2) in 30 patients with chronic kidney 
disease undergoing hemodialysis as compared 

Figure 6. Forest plot for studies evaluating the outcome for heart rate in patients with chronic kidney disease undergoing 
hemodialysis. The adjusted hazard ratios are presented as black boxes whereas 95% confidence intervals as whiskers. A 
negative effect size represents reduced heart rate levels for the experimental group, whereas the positive rate ratio represents 
reduced heart rate levels for the control group.

Figure 7. Forest plot for studies evaluating the outcome for systolic blood pressure in patients with chronic kidney disease 
undergoing hemodialysis. Adjusted hazard ratios are presented as black boxes and 95% confidence intervals as whiskers. A 
negative effect size represents reduced systolic blood pressure levels for the experimental group, whereas the positive rate ratio 
represents reduced systolic blood pressure levels for the control group.

Figure 5. Forest plot for studies evaluating the pain perception in patients with chronic kidney disease undergoing hemodialysis 
Adjusted hazard ratios are presented as black boxes and 95% confidence intervals as whiskers. A negative effect size represents 
reduced pain levels for the experimental group, whereas the positive rate ratio represents a reduced pain level for the control group.
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with the levels in the control group (2.3 ± 2.0). 
Similarly, Koca Kutlu and Eren (2014)44 reported 
the beneficial influence of music-based interven-
tions for reducing the perceived levels of pain 
and other complications associated with hemodi-
alysis like nausea, vomiting, and muscle cramps. 
Burrai et al (2014)42 speculated that music-based 
interventions may alleviate the perception of pain 
by inhibiting the interneurons that transmit the 
nociceptive signals to the brain65. Based on our 
meta-analysis findings, we confirm a medium 
negative overall effect of the music-based inter-
vention for reducing the perceived level of pain in 
patients with chronic kidney disease undergoing 
hemodialysis (Hedge’s g, -0.75; 95% CI, 1.07 to 
-0.42).

We also attempted to synthesize the data on 
the influence of music-based interventions on 
cardiovascular metabolic outcomes, including 
heart rate and blood pressure in patients with 
chronic kidney disease undergoing hemodial-
ysis. Patients undergoing hemodialysis usually 
exhibit a transient increase in heart rate and 
blood pressure17,66,67. However, most studies in our 
systematic review reported an overall reduction 
in cardiovascular metabolic outcomes in their 
patients. Melo et al (2018)46 found a significant 
(p<0.01) reduction from the baseline values in 
heart rate and blood pressure (systolic, diastolic) 
in the patients of the interventional group in their 
study and interpreted this as a sign of relaxation 
in the patients undergoing hemodialysis. This 
interpretation was based on correlative findings 
of a reduction in anxiety-related outcomes in 
patients with chronic kidney disease undergoing 
hemodialysis while receiving music-based in-
terventions (State trait anxiety score, 32.8 ± 9.6 

in the interventional group and 33.3 ± 6.3 in the 
control group). Similarly, Lin et al (2012)45 also 
associated the significant reduction in cardiovas-
cular metabolic outcomes in patients receiving 
music-based interventions with reduced levels 
of anxiety, basing their hypothesis on the pro-
spective influence of music-based interventions 
on the autonomic nervous system68-70, which may 
reduce cardiovascular metabolic outcomes while 
simultaneously improving the psychological 
outcomes71. Our meta-analysis findings support 
those in the literature reporting a negative small 
effect of music-based interventions on the heart 
rate (g, -0.15; 95% CI, -0.35 to 0.05), systolic 
blood pressure (g, -0.14; 95% CI, -0.36 to 0.07), 
and diastolic blood pressure (g, -0.11; 95% CI, 
-0.33 to 0.11) in the interventional group patients. 
We also found a small reduction effect in state 
trait anxiety scores (g, -0.16; 95% CI, -0.42 to 0.1) 
in the same group.

We are aware of the limitations of our system-
atic review and meta-analysis. Mainly, we did not 
register our systematic review and meta-analysis 
on the PROSPERO repository, and we know this 
may raise concerns regarding the validity of our 
review72. However, the current pandemic crisis 
meant that our registration at PROSPERO would 
have taken more than a year to complete due 
to extended waiting times. Secondly, we could 
not evaluate sleep quality outcomes due to the 
scarcity of data (only one study in our analysis 
included this evaluation)48. Therefore, high-quali-
ty studies evaluating the influence of music-based 
interventions on sleep-related outcomes of pa-
tients undergoing hemodialysis are needed. The 
evaluation of these outcomes would help medical 
practitioners and patients alike to understand the 

Figure 8. Forest plot for studies evaluating the outcome for diastolic blood pressure in patients with chronic kidney disease 
undergoing hemodialysis. Adjusted hazard ratios are presented as black boxes and 95% confidence intervals as whiskers. A 
negative effect size represents reduced diastolic blood pressure levels for the experimental group, whereas the positive rate 
ratio represents reduced diastolic blood pressure levels for the control group.
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overall influence of music-based interventions on 
the psychological outcomes of patients undergo-
ing hemodialysis.

Conclusions

Briefly, our analysis confirms the beneficial 
influence of music-based interventions on alle-
viating physiological and psychological manifes-
tations associated with hemodialysis in patients 
with chronic kidney disease. We also found ev-
idence supporting the effects of the intervention 
for reducing pain perception, heart rate, anxiety, 
and blood pressure. Our findings should be con-
sidered when developing best practice guidelines 
for the management of physical and psychological 
manifestations in patients with chronic kidney 
disease undergoing hemodialysis. 

Conflict of Interest
The Authors declare that they have no conflict of interests.

Availability of Data and Materials
The datasets used and/or analyzed during the current study 
are available from the corresponding author on reasonable 
request.

Disclosure of Grants or Other Funding
This study is supported by Zhejiang Province Tradition-
al Chinese Medicine Science and Technology Program 
(2021ZA132).

References

  1)  Hill NR, Fatoba ST, Oke JL, Hirst JA, O’Callaghan 
CA,  Lasserson  DS,  Hobbs  FD.  global  preva-
lence  of  chronic  kidney  disease  -  a  systematic 
review  and  meta-analysis.  PLoS  One  2016;  11: 
e0158765. 

  2)  Johnson RJ,  Feehally  J,  Floege  J.  Comprehen-
sive Clinical Nephrology E-Book. Elsevier Health 
Sciences; 2014. 1323 p. 

  3)  Zhang L, Wang F, Wang L, Wang W, Liu B, Liu 
J, Chen M, He Q, Liao Y, Yu X, Chen N, Zhang 
JE, Hu Z, Liu F, Hong D, Ma L, Liu H, Zhou X, 
Chen J, Pan L, Chen W, Wang W, Li X, Wang H. 
Prevalence of chronic kidney disease  in China: 
a cross-sectional survey. Lancet 2012; 379: 815-
22.

  4)  Luyckx  VA,  Tonelli  M,  Stanifer  JW.  The  global 
burden of kidney disease and the sustainable de-

velopment goals. Bull World Health Organ 2018; 
96: 414-422D.

  5)  Eddy  AA,  Neilson  EG.  Chronic  kidney  disease 
progression. J Am Soc Nephrol 2006; 17: 2964-
2966. 

  6)  Kronenberg F. Emerging risk factors and markers 
of  chronic  kidney  disease  progression. Nat Rev 
Nephrol 2009; 5: 677-689.

  7)  Neumann  J,  Ligtenberg  G,  Klein  II,  Koomans 
HA, Blankestijn PJ. Sympathetic hyperactivity  in 
chronic kidney disease: pathogenesis, clinical rel-
evance, and treatment. Kidney Int 2004; 65: 1568-
1576.

  8)  Fleming GM. Renal replacement therapy review. 
Organogenesis 2011; 7: 2-12. 

  9)  Misset B, Timsit JF, Chevret S, Renaud B, Tamion 
F, Carlet J. A randomized cross-over comparison 
of the hemodynamic response to intermittent he-
modialysis  and  continuous hemofiltration  in  ICU 
patients  with  acute  renal  failure.  Intensive  Care 
Med 1996; 22: 742-746. 

10)  Wang LJ, Chen CK. The psychological  impact 
of  hemodialysis  on  patients with  chronic  renal 
failure. Renal failure - the facts [Internet]. 2012 
May  23  [cited  2020  Dec  21].  Available  from: 
https://www.intechopen.com/books/renal-fail-
ure-the-facts/the-psychological-impact-of-he-
modialysis-on-patients-with-chronic-renal-fail-
ure.

11)  Zamanian  H,  Poorolajal  J,  Taheri-Kharameh  Z. 
Relationship  between  stress  coping  strategies, 
psychological distress, and quality of  life among 
hemodialysis  patients.  Perspect  Psychiatr  Care 
2018; 54: 410-415. 

12)  Chen CK, Tsai YC, Hsu HJ, Wu IW, Sun CY, Chou 
CC, Lee CC, Tsai CR, Wu MS, Wang LJ. Depres-
sion and suicide risk in hemodialysis patients with 
chronic  renal  failure.  Psychosomatics  2010;  51: 
528.

13)  Wang LJ, Wu MS, Hsu HJ, Wu IW, Sun CY, Chou 
CC, Lee CC, Tsai CR, Tsai YC, Chen CK. The re-
lationship between psychological factors, inflam-
mation, and nutrition  in patients with chronic  re-
nal failure undergoing hemodialysis. Int J Psychi-
atry Med 2012; 44: 105-118. 

14)  Gul A, Miskulin DC, Harford A, Zager P. In-center 
hemodialysis: time for a paradigm shift. J Am Soc 
Nephrol 2018; 29: 2452-2454. 

15)  St-Jules DE, Woolf  K,  Pompeii ML,  Sevick MA. 
Exploring problems in following the hemodialysis 
diet  and  their  relation  to energy and nutrient  in-
takes:  the BalanceWise study. J Ren Nutr 2016; 
26: 118-124. 

16)  Fletes R, Lazarus JM, Gage J, Chertow GM. Sus-
pected  iron dextran-related adverse drug events 
in hemodialysis patients. Am J Kidney Dis 2001; 
37: 743-749. 

17)  Agarwal R. Blood pressure and mortality among 
hemodialysis  patients.  Hypertension  2010;  55: 
762-768. 



X.-L. Wu, B. Ji, S.-D. Yao, L.-L. Wang, Z.-Y. Jiang

3832

18)  Curtin  RB,  Bultman  DC,  Thomas-Hawkins  C, 
Walters  BA,  Schatell  D.  Hemodialysis  patients’ 
symptom  experiences:  effects  on  physical  and 
mental functioning. Nephrol Nurs J 2002; 29: 562, 
567-74; discussion 575, 598. 

19)  Davison SN. Pain in hemodialysis patients: prev-
alence, cause, severity, and management. Am J 
Kidney Dis 2003; 42: 1239-1247. 

20)  Johnson DW, Craven AM, Isbel NM. Modification 
of cardiovascular risk in hemodialysis patients: an 
evidence-based  review.  Hemodial  Int  2007;  11: 
1-14. 

21)  O’Lone  E,  Viecelli  AK,  Craig  JC,  Tong  A,  Sau-
tenet  B,  Herrington WG,  Herzog  CA,  Jafar  TH, 
Jardine M,  Krane  V,  Levin  A, Malyszko  J,  Roc-
co MV, Strippoli G, Tonelli M, Wang AYM, Wan-
ner C, Zannad F, Winkelmayer WC, Wheeler DC; 
SONG-HD CVD Consensus Workshop Investiga-
tors.  Establishing  core  cardiovascular  outcome 
measures  for  trials  in hemodialysis:  report of an 
international consensus workshop. Am J Kidney 
Dis 2020; 76: 109-120

22)  O’Lone E, Viecelli AK, Craig JC, Tong A, Sauten-
et B, Roy D, Herrington WG, Herzog CA, Jafar T, 
Jardine M,  Krane  V,  Levin  A, Malyszko  J,  Roc-
co MV, Strippoli G, Tonelli M, Wang AYM, Wan-
ner C, Zannad F, Winkelmayer WC, Webster AC, 
Wheeler DC. Cardiovascular outcomes  reported 
in hemodialysis trials. J Am Coll Cardiol 2018; 71: 
2802-2810.

23)  Freire  de  Medeiros  CM,  Arantes  EP,  Tajra  RD, 
Santiago  HR,  Carvalho  AF,  Libório  AB.  Resil-
ience, religiosity and treatment adherence in he-
modialysis patients: a prospective study. Psychol 
Health Med 2017; 22: 570-577.

24)  Hosseini  SH,  Espahbodi  F,  Mirzadeh  Goudar-
zi  SM.  Citalopram  versus  psychological  train-
ing for depression and anxiety symptoms in he-
modialysis patients.  Iran J Kidney Dis 2012; 6: 
446-451.

25)  White DM. Appropriate use of opioids in patients 
with  kidney  diseases.  Clin  J  Am  Soc  Nephrol 
2018; 13: 675-676. 

26)  Yeh CY, Chen CK, Hsu HJ, Wu IW, Sun CY, Chou 
CC, Lee CC, Wang LJ. Prescription of psychotro-
pic drugs in patients with chronic renal failure on 
hemodialysis. Ren Fail 2014; 36: 1545-1549. 

27)  Burrai F, Forton Magavern E, Micheluzzi V, Mag-
naghi C, Apuzzo L, Brioni E. Effectiveness of mu-
sic to improve anxiety in hemodialysis patients: a 
systematic review and meta-analysis. Holist Nurs 
Pract 2020; 34: 324-333.

28)  Alcântara-Silva  TR,  de  Freitas-Junior R,  Freitas 
NMA, de Paula Junior W, da Silva DJ, Machado 
GDP, Ribeiro MKA, Carneiro JP, Soares LR. Mu-
sic therapy reduces radiotherapy-induced fatigue 
in  patients  with  breast  or  gynecological  cancer: 
a randomized trial.  Integr Cancer Ther 2018; 17: 
628-635. 

29)  Hilliard  RE.  Music  Therapy  in  hospice  and  pal-
liative care: a  review of  the empirical data. Evid 

Based Complement  Alternat Med  2005;  2:  173-
178. 

30)  Maratos AS, Gold C, Wang X, Crawford MJ. Mu-
sic  therapy  for  depression.  Cochrane  Database 
Syst Rev 2008; 1: CD004517. 

31)  Stanczyk MM. Music  therapy  in  supportive can-
cer  care.  Rep  Pract  Oncol  Radiother  2011;  16: 
170–172. 

32)  Mondanaro  JF,  Homel  P,  Lonner  B,  Shepp  J, 
Lichtensztein  M,  Loewy  JV.  Music  therapy  in-
creases comfort and reduces pain in patients re-
covering from spine surgery. Am J Orthop (Belle 
Mead NJ) 2017; 46: E13-E22. 

33)  Tse MMY, Chan MF, Benzie IFF. The effect of mu-
sic therapy on postoperative pain, heart rate, sys-
tolic blood pressures and analgesic use following 
nasal surgery. J Pain Palliat Care Pharmacother 
2005; 19: 21-29. 

34)  Wakim  JH,  Smith  S,  Guinn  C.  The  efficacy  of 
music therapy. J Perianesth Nurs 2010; 25: 226-
232. 

35)  Kim Y,  Evangelista  LS,  Park  YG.  Anxiolytic  ef-
fects of music interventions in patients receiving 
incenter hemodialysis: a systematic  review and 
meta-analysis.  Nephrol  Nurs  J  2015;  42:  339-
347. 

36)  Moher D, Liberati A, Tetzlaff J, Altman DG, PRIS-
MA Group. Preferred reporting items for system-
atic  reviews  and  meta-analyses:  the  PRISMA 
statement. PLoS Med 2009; 6: e1000097. 

37)  Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Mo-
her D, Oxman AD, Savovic J, Schulz KF, Weeks 
L, Sterne JA; Cochrane Bias Methods Group; Co-
chrane Statistical Methods Group. The Cochrane 
Collaboration’s  tool  for  assessing  risk  of  bias  in 
randomised trials. BMJ 2011; 343: d5928.

38)  Bax L, Yu LM, Ikeda N, Moons KG. A systematic 
comparison of software dedicated  to meta-anal-
ysis of  causal  studies. BMC Med Res Methodol 
2007; 7: 40.

39)  Higgins  JP,  Thompson  SG,  Spiegelhalter  DJ. 
A  re-evaluation  of  random-effects  meta-anal-
ysis.  J R Stat Soc Ser A Stat Soc 2009; 172: 
137-159. 

40.  Higgins  JP,  Thompson  SG.  Quantifying  hetero-
geneity  in  a  meta-analysis.  Stat  Med  2002;  21: 
1539-1558.

41)  Duval S, Tweedie R. Trim and fill: A simple  fun-
nel-plot-based  method  of  testing  and  adjusting 
for publication bias  in meta-analysis. Biometrics 
2000; 56: 455-463.

42)  Burrai F, Micheluzzi V, Zito MP, Pietro G, Sisti D. 
Effects  of  live  saxophone  music  on  physiologi-
cal parameters, pain, mood and  itching  levels  in 
patients  undergoing  haemodialysis.  J Ren Care 
2014; 40: 249-256.

43)  Cantekin I, Tan M. The influence of music thera-
py on perceived stressors and anxiety  levels of 
hemodialysis  patients.  Ren  Fail  2013;  35:  105-
109.



Effect of music intervention during hemodialysis: a comprehensive meta-analysis

3833

44)  Koca  Kutlu  A,  Eren  AG.  Effects  of  music  on 
complications  during  hemodialysis  for  chron-
ic renal failure patients. Hemodial Int 2014; 18: 
777-784.

45)  Lin YJ, Lu KC, Chen CM, Chang CC. The effects 
of music as  therapy on  the overall well-being of 
elderly patients on maintenance hemodialysis. Bi-
ol Res Nurs 2012; 14: 277-285. 

46)  Melo GAA, Rodrigues AB, Firmeza MA, Grangeiro 
AS de M, Oliveira PP de, Caetano JÁ. Musical in-
tervention  on  anxiety  and  vital  parameters  of 
chronic renal patients: a randomized clinical trial. 
Rev Lat Am Enfermagem 2018; 26: e2978. 

47)  Research (IJHSR) IJ of HS. The effects of listen-
ing to music on vital signs and anxiety  in hemo-
dialysis  patients.  Available  at:  https://www.ijhsr.
org/IJHSR_Vol7_Issue9_Sep2017/IJHSR_Ab-
stract019.html [Internet]. [cited 2020 Dec 21]; Avail-
able  at:  https://www.academia.edu/44098370/
The_Effects_of_Listening_to_Music_on_Vital_
Signs_and_Anxiety_in_Hemodialysis_Patients.

48)  Momennasab M, Ranjbar M, Najafi S. Comparing 
the effect of listening to music during hemodialy-
sis and at bedtime on sleep quality of hemodial-
ysis patients: a randomized clinical trial. Eur J In-
tegr Med 2017; 17. 

49)  Pothoulaki  M,  Macdonald  RA,  Flowers  P,  Sta-
mataki E, Filiopoulos V, Stamatiadis D, Stathakis 
ChP. An  investigation of  the effects of music on 
anxiety and pain perception in patients undergo-
ing  haemodialysis  treatment.  J  Health  Psychol 
2008; 13: 912-920. 

50)  López-Novoa  JM,  Martínez-Salgado  C,  Rodrí-
guez-Peña  AB,  López-Hernández  FJ.  Common 
pathophysiological  mechanisms  of  chronic  kid-
ney  disease:  therapeutic  perspectives.  Pharma-
col Ther 2010; 128: 61-81. 

51)  Yang  L,  Humphreys  BD,  Bonventre  JV.  Patho-
physiology of acute kidney  injury  to chronic kid-
ney disease: maladaptive repair. Contrib Nephrol 
2011; 174: 149-155.

52)  Clark-Cutaia MN, Sevick MA, Thurheimer-Cacci-
otti J, Hoffman LA, Snetselaar L, Burke LE, Zick-
mund SL. Perceived barriers to adherence to he-
modialysis  dietary  recommendations.  Clin  Nurs 
Res 2019; 28: 1009-1029. 

53)  Weisbord SD, Mor MK, Sevick MA, Shields AM, 
Rollman  BL,  Palevsky  PM,  Arnold  RM,  Green 
JA,  Fine MJ.  Associations  of  depressive  symp-
toms and pain with dialysis adherence, health re-
source utilization, and mortality in patients receiv-
ing chronic hemodialysis. Clin J Am Soc Nephrol 
2014; 9: 1594-1602. 

54)  Brkovic T, Burilovic E, Puljak L. Prevalence and 
severity  of  pain  in  adult  end-stage  renal  dis-
ease  patients  on  chronic  intermittent  hemodial-
ysis:  a  systematic  review.  Patient  Prefer  Adher-
ence 2016; 10: 1131-1150. 

55)  Cohen SD, Cukor D, Kimmel PL. Anxiety  in pa-
tients  treated with  hemodialysis. Clin  J  Am Soc 
Nephrol 2016; 11: 2250-2255. 

56)  Harris  TJ,  Nazir  R,  Khetpal  P,  Peterson  RA, 
Chava P, Patel SS, Kimmel PL. Pain,  sleep dis-
turbance  and  survival  in  hemodialysis  patients. 
Nephrol Dial Transplant 2012; 27: 758-765. 

57)  Sabitha  PB,  Khakha  DC,  Mahajan  S,  Gupta  S, 
Agarwal M,  Yadav  SL.  Effect  of  cryotherapy  on 
arteriovenous fistula puncture-related pain in he-
modialysis  patients.  Indian  J  Nephrol  2008;  18: 
155-158.

58)  Murray  AM,  Tupper DE,  Knopman DS, Gilbert-
son DT, Pederson SL, Li S, Smith GE, Hochhal-
ter  AK,  Collins  AJ,  Kane RL.  Cognitive  impair-
ment in hemodialysis patients is common. Neu-
rology. 2006; 67: 216-223. Erratum  in: Neurolo-
gy 2007; 69: 120. 

59)  Horigan AE. Fatigue  in  hemodialysis  patients:  a 
review  of  current  knowledge.  J  Pain  Symptom 
Manage 2012; 44: 715-724. 

60)  Sabry  AA,  Abo-Zenah  H,  Wafa  E,  Mahmoud 
K,  El-Dahshan  K,  Hassan  A,  Abbas  TM,  Saleh 
Ael-B, Okasha K. Sleep disorders  in hemodialy-
sis patients. Saudi J Kidney Dis Transpl 2010; 21: 
300-305. 

61)  Denhaerynck  K,  Manhaeve  D,  Dobbels  F,  Gar-
zoni D, Nolte C, De Geest S. Prevalence and con-
sequences of nonadherence to hemodialysis reg-
imens.  Am  J  Crit  Care  2007;  16:  222-235;  quiz 
236. 

62)  Oliveira APB, Schmidt DB, Amatneeks TM, San-
tos  JCD,  Cavallet  LHR,  Michel  RB.  Quality  of 
life in hemodialysis patients and the relationship 
with  mortality,  hospitalizations  and  poor  treat-
ment  adherence.  J  Bras  Nefrol  2016;  38:  411-
420. 

63)  Bernatzky G, Presch M, Anderson M, Panksepp 
J. Emotional foundations of music as a non-phar-
macological  pain  management  tool  in  modern 
medicine. Neurosci Biobehav Rev 2011; 35: 1989-
1999. 

64)  Bernatzky G, Strickner S, Presch M, Wendtner F, 
Kullich  W.  Music  as  Non-Pharmacological  Pain 
Management in Clinics*. In: MacDonald R, Kreutz 
G, Mitchell L, editors. Music, Health, and Wellbeing 
[Internet]. Oxford University Press; 2012 [cited 2020 
Dec  21].  pp.  258-275.  Available  from:  https://ox-
ford.universitypressscholarship.com/view/10.1093/
acprof:oso/9780199586974.001.0001/ac -
prof-9780199586974-chapter-019.

65)  Good  M,  Anderson  GC,  Ahn  S,  Cong  X,  Stan-
ton-Hicks M. Relaxation  and music  reduce pain 
following  intestinal  surgery.  Res  Nurs  Health 
2005; 28: 240-251. 

66)  Mazzuchi N, Carbonell E, Fernández-Cean J. Im-
portance of  blood pressure  control  in hemodial-
ysis  patient  survival.  Kidney  Int  2000;  58:  2147-
2154. 

67)  Oikawa  K,  Ishihara  R,  Maeda  T,  Yamaguchi  K, 
Koike A, Kawaguchi H, Tabata Y, Murotani N, Itoh 
H. Prognostic value of heart rate variability in pa-
tients with renal failure on hemodialysis. Int J Car-
diol 2009; 131: 370-377. 



X.-L. Wu, B. Ji, S.-D. Yao, L.-L. Wang, Z.-Y. Jiang

3834

68)  Ellis  RJ,  Thayer  JF.  Music  and  autonomic  ner-
vous system (Dys)function. Music Percept 2010; 
27: 317-326. 

69)  Riganello  F,  Cortese  MD,  Arcuri  F,  Quintieri  M, 
Dolce G. How can music influence the autonomic 
nervous system response in patients with severe 
disorder of consciousness? Front Neurosci 2015; 
9: 461. 

70)  Yamashita S, Iwai K, Akimoto T, Sugawara J, Ko-
no  I.  Effects  of  music  during  exercise  on  RPE, 

heart  rate and the autonomic nervous system. J 
Sports Med Phys Fitness 2006; 46: 425-430. 

71)  Knight WE, Rickard NS. Relaxing music prevents 
stress-induced  increases  in  subjective  anxiety, 
systolic blood pressure, and heart rate in healthy 
males and females. J Music Ther 2001; 38: 254-
272. 

72)  PLoS Medicine Editors. Best practice in system-
atic reviews: the importance of protocols and reg-
istration. PLoS Med 2011; 8: e1001009.


