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Abstract

Background Anxiety is a common concern among patients undergoing endoscopic procedures, affecting up to 70% of
individuals. Increased anxiety can heighten pain perception, reduce procedural tolerance, and negatively impact patient
satisfaction. Non-pharmacological interventions, such as music therapy, virtual reality, aromatherapy, relaxation techniques,
and others, have been explored as alternatives to pharmacological anxiolytics.. This systematic review and network meta-
analysis (NMA) provides an evaluation of these interventions in reducing anxiety and their impact on secondary outcomes,
including pain, patient satisfaction, and procedure duration.

Methods Following PRISMA guidelines, we systematically searched seven databases for randomized controlled trials
(RCTs) evaluating non-pharmacological interventions for anxiety reduction in endoscopy and colonoscopy. A network
meta-analysis was conducted using a random-effects model to compare intervention effectiveness, with standardized mean
differences (SMDs) and 95% confidence intervals (CIs) calculated. Surface under the cumulative ranking (SUCRA) prob-
abilities determined the rank order of interventions. Subgroup analyses were performed by type of procedure (upper vs.
lower endoscopy) and sedation status.

Results A total of 48 RCTs comprising 6014 participants and evaluating 12 non-pharmacological interventions were
included. In the network meta-analysis (NMA) for anxiety, Reiki (SMD=- 1.51, 95% CI — 3.01 to — 0.01, p=0.04),
aromatherapy (SMD=- 1.31, 95% CI — 2.47 to — 0.14, p=0.02), and music therapy (SMD=- 1.09, 95% CI — 1.50 to
—0.67, p<0.01) significantly reduced anxiety compared to standard care. These interventions also ranked highest in terms
of SUCRA values Reiki (0.77), aromatherapy (0.73), and music therapy (0.67). The NMA for secondary outcomes showed
that music therapy significantly improved patient satisfaction (SMD=2.21, 95% CI 1.20 to 3.22, p <0.01), while no interven-
tion had a statistically significant impact on pain or procedure duration. Subgroup analyses showed that music therapy was
most consistent in lower endoscopic and sedated procedures, while aromatherapy and Reiki demonstrated stronger effects
in upper and non-sedated procedures.

Conclusion Music therapy demonstrated the strongest evidence for anxiety reduction, with potential benefits for patient
satisfaction. Reiki and aromatherapy also ranked highly, though their significance varied. No intervention significantly influ-
enced pain or procedure duration. Subgroup analyses suggested that effectiveness may vary by procedure type and sedation
status, underscoring the importance of tailoring interventions to clinical context. Future research should prioritize direct
intervention trials with standardized methodologies to enhance the robustness of findings and establish causal relationships.
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Abbreviations

CI Confidence Interval

CNKI China National Knowledge Infrastructure

CSI Corticosteroid Injection

DASS-21 Depression Anxiety Stress Scales-21

DBP Diastolic Blood Pressure

FLACC Face, Legs, Activity, Cry, Consolability
Scale

12 I-squared statistic (Heterogeneity measure)

MD Mean Difference

NMA Network Meta-Analysis

NRS Numerical Rating Scale

OR Odds Ratio

PRISMA Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

PRO-STEP  Patient-Reported Scale for Tolerability of
Endoscopic Procedures

PROSPERO International Prospective Register of Sys-
tematic Reviews

PSSI Patient Satisfaction with Sedation
Instrument

RCT Randomized Controlled Trial

REML Restricted Maximum Likelihood

RR Relative Risk

SAS Zung Self-Rating Anxiety Scale
SBP Systolic Blood Pressure

SD Standard Deviation

SMD Standardized Mean Difference

STAI Spielberger State-Trait Anxiety Inventory

SUCRA Surface Under the Cumulative Ranking
Curve

VAS Visual Analog Scale

WBFPRS Wong-Baker FACES Pain Rating Scale

Introduction

Anxiety is a state of heightened fear and worry that fre-
quently occurs among patients undergoing endoscopy and
colonoscopy, with up to 70% of individuals experiencing it
before these procedures [1]. These essential diagnostic and
therapeutic tools for managing gastrointestinal diseases fre-
quently provoke apprehension, discomfort, and fear. Anxiety
in this context increases the perception of pain and distress,
negatively affecting physiological responses, patient coop-
eration, and procedural tolerability [2, 3]. Addressing pro-
cedural anxiety not only reduces discomfort but also aligns
with global initiatives like patient-centered care, aimed at
enhancing patient satisfaction, improving healthcare expe-
riences, and optimizing overall outcomes. Pharmacological
options, such as benzodiazepines or selective serotonin reup-
take inhibitors (SSRIs), are used to manage procedural anxi-
ety. However, these medications have limitations, including a

30-60-min onset for benzodiazepines and weeks for SSRIs,
along with medication-related side effects. Importantly,
the failure to address psychological aspects highlights the
increasing need to incorporate non-pharmacological inter-
ventions. Methods like music therapy, guided imagery, aro-
matherapy, relaxation techniques, mindfulness, and virtual
reality have surfaced as effective alternatives [4—6]. Smaller-
scale reviews and pilot studies have suggested that meth-
ods leveraging sensory distraction, emotional modulation,
and relaxation can significantly reduce anxiety and improve
patient experiences [5, 7]. For instance, music therapy has
shown effectiveness in lowering cortisol levels, and virtual
reality offers immersive distractions to alleviate stress [4, 8].

The comparative effectiveness of these non-pharma-
cological interventions remains understudied. Current
randomized controlled trials (RCTs) typically assess indi-
vidual techniques without direct or indirect comparisons
to standard care, placebo, or alternative interventions [9].
Additionally, secondary outcomes like patient satisfaction,
measured by tools such as the Patient Satisfaction Instru-
ment [10], and procedure tolerability, assessed by tools like
the Patient-Reported Scale for Tolerability of Endoscopic
Procedures (PRO-STEP) [11], are reported inconsistently.
This gap highlights the need for systematic and meta-ana-
lytic methods to assess these interventions [2]. This system-
atic review and meta-analysis evaluate the effectiveness of
non-pharmacological interventions in lowering anxiety in
patients undergoing endoscopy and colonoscopy. The study
will analyze evidence from RCTs to assess their effects on
anxiety reduction and investigate secondary outcomes such
as patient satisfaction, procedural tolerability, and adverse
effects. The results will offer recommendations grounded in
evidence to enhance patient-centered care during endoscopic
procedures.

Methods

The meta-analysis followed the recommendations and cri-
teria established by the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) reporting
guidelines [12, 13]. The protocol was pre-registered at the
International Prospective Register of Systematic Reviews
(PROSPERO) with the identifier code CRD42025645183.

Eligibility Criteria: Type of Study, Participants,
and Intervention

We conducted a systematic review and meta-analysis of rel-
evant studies published from the inception of the database to
the present, including only randomized clinical trials (RCTs)
in English. Studies were excluded if they were duplicates,
if the necessary data could not be obtained, or if a response
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from the original author could not be received. This study
included participants of all ages undergoing endoscopy or
colonoscopy procedures. Only studies that evaluated non-
pharmacological interventions compared with standard
care, placebo, or other non-pharmacological interventions
for reducing anxiety levels were included.

Outcomes

The primary outcome assessed in this study is anxiety, which
was measured using validated tools such as the Spielberger
State-Trait Anxiety Inventory (STAI), the Zung Self-Rating
Anxiety Scale, and the Depression Anxiety Stress Scales
(DASS-21) in the included studies but not limited to them.
Secondary outcomes include pain, patient satisfaction, and
the duration of endoscopy. Pain assessment will be con-
ducted but not limited to the use of the Visual Analog Scale
(VAS) and the Numerical Rating Scale (NRS), with addi-
tional tools such as the Wong-Baker FACES Pain Rating
Scale (WBFPRS), and the Face, Legs, Activity, Cry, and
Consolability (FLACC) Scale, if applicable. Patient satisfac-
tion will be evaluated using the Likert Scale and the Patient
Satisfaction with Sedation Instrument. A summary of the
primary and secondary outcomes with their corresponding
measurement tools is provided in Supplementary Table 1.

Searching Methods

On 01/09/2025, a systematic search was initially conducted
in PubMed, CINAHL, EMBASE, Cochrane, Web of Sci-
ence, Scopus, and CNKI using the following terms: endos-
copy, cognitive behavioral therapy, and anxiety. All detailed
search strategies can be found in the supplementary material
(Supplementary Tables 2—8).

Selection of Studies

Following an initial screening based on the title and abstract,
two reviewers (MF, PG) independently selected trials for
inclusion in this review using predetermined inclusion
and exclusion criteria. This selection was performed using
Rayyan [14]. Consensus and consultation with a third
reviewer (EC) resolved disagreements about including the
studies. Subsequently, a full-text analysis was conducted by
two reviewers (LF, JA) independently selecting trials to be
included in the review using predetermined inclusion and
exclusion criteria. Consensus and consultation with a third
review author (EC) resolved disagreements about including
studies.

@ Springer

Data Extraction

Two independent reviewers extracted data from each
included study using a standardized data extraction form.
The following information was extracted: authors, year of
publication, country of publication, study design, sample
size (total number of cases and controls), participant char-
acteristics (e.g., age, gender distribution, and comorbidities),
intervention or exposure (specific non-pharmacological
interventions used), comparison group (e.g., standard care,
placebo, or other interventions), outcome measures of inter-
est (e.g., anxiety levels, pain, patient satisfaction), and any
relevant definitions and tools used (e.g., specific scales for
anxiety and pain assessment such as the STAI, VAS, etc.).

Assessment of Risk of Bias in Included Studies

Two independent reviewers evaluated the risk of bias in each
study, considering the specific criteria and guidelines pro-
vided by the Rob 2.0 tool for randomized controlled trials
to assess the risk of bias [15]. Any reviewer discrepancies
have been resolved through discussion with a third, blinded
reviewer.

Statistical Analysis

A meta-analysis was performed using R version 3.4.3 [16].
The pooled effect of the outcomes was examined using a ran-
dom-effects meta-analysis (DerSimonian-Laird approach)
[17]. Whenever the number of studies reporting an outcome
of interest was insufficient, only a qualitative analysis of
the results was performed. Effect sizes were expressed as
relative risk (RR) or standardized mean difference (SMD)
and 95% CI. Using SMDs allowed researchers to combine
results from studies that used different scales to measure the
same outcome, such as anxiety, pain, or procedure time. This
method helps ensure that differences in the scales themselves
did not affect the overall results of the analysis. The I statis-
tic assessed heterogeneity, and the following cut-off values
were used for interpretation: <25, 25-50, and > 50% were
considered small, medium, and large heterogeneity, respec-
tively [18]. Network geometry and rankings were visual-
ized using network plots, ranking probabilities expressed
as P-scores or SUCRA, and forest plots showing multiple
outcomes. For all outcomes, sensitivity analyses according
to the leave-one-out method were performed to determine
the influence of individual studies on the overall effect, using
diagnostic plots proposed by Viechtbauer and Cheung [19].
Egger's regression test examined publication bias when ten
or more reports with the same outcome were available [20].
Further statistical details are provided in Supplementary
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Methods [21-25]. In addition, prespecified subgroup analy-
ses were performed according to population (pediatric vs
non-pediatric), type of endoscopy (upper vs lower), and
sedation status (sedative vs non-sedative procedures). These
were conducted to explore potential sources of heterogeneity
and to assess whether intervention effects were consistent
across different clinical contexts.

Results
Study Selection

Our initial search yielded 2396 potential articles across
seven databases. After removing 893 duplicate articles,
we conducted a title and abstract screening, resulting in
the screening of 1503 articles. Of the 95 articles selected
for full-text screening, 20 were excluded due to retrieval
issues, 6 due to incorrect publication type, 17 for unpub-
lished results, 2 for incorrect outcomes, 1 for wrong popu-
lation, and 1 for duplication. Ultimately, 48 articles were
included for analysis. This process is summarized in our
PRISMA flow chart (Supplemental Fig. 1).

Study Characteristics and Participants

Of the 48 randomized controlled trials (RCTs) included
in the analysis, the cumulative sample size was 6014
participants. Two studies were conducted with pediatric
populations, while the remaining trials involved adults.
The gender distribution across all studies was 52% female
and 48% male. These RCTs originated from a geographi-
cally diverse range of countries, including Turkey (21%),
the United States (13%), China (13%), and several other
regions. The studies primarily focused on assessing the
effectiveness of non-pharmacological interventions, such
as music, virtual reality (VR), aromatherapy, and comple-
mentary therapies in managing anxiety, pain, and enhanc-
ing patient comfort during endoscopic procedures. In
terms of procedure type, 27 studies assessed lower endos-
copy, 15 upper endoscopies, and 6 included both. With
respect to sedation, 18 studies used sedative procedures,
29 were performed without sedation, and 1 study did not
clearly specify sedation status. Regarding anxiety, 56% of
the studies used the Spielberger State-Trait Anxiety Inven-
tory (STAI), 15% used the Visual Analog Scale (VAS), 4%
used the Zung Self-Rating Anxiety Scale (SAS), 4% used
the Depression Anxiety Stress Scales (DASS-21), 2% used
the Numerical Rating Scale (NRS), 2% used the Likert
Scale, 2% used vital signs as evaluation, and 15% of the
studies did not assess anxiety. Among the included tools,
STAI and DASS-21 were the most consistently reported

across studies, which is why they were considered as the
primary endpoints for anxiety in this review. No restric-
tions were imposed on the selection of anxiety scales at
the study level. For pain assessment, 46% of studies used
the Visual Analog Scale (VAS), 8% used the Numeri-
cal Rating Scale (NRS), 2% used WBFPRS, 2% used the
Face, Legs, Activity, Cry, Consolability (FLACC) Scale
and WBFPRS scale simultaneously, 2% used a 26 question
scale, 2% used the Likert scale, and 38% of the studies did
not assess pain. Lastly, for patient satisfaction, 17% used
the VAS, 6% used the Likert Scale, 2% used the NRS,
2% used the Patient Satisfaction with Sedation Instrument
(PSSI), and 73% did not assess it. All data are summarized
in Table 1 and supplemental Table 9 [26-73].

Risk of Bias Within Studies

We assessed the risk of bias using Cochrane’s Risk of Bias
2.0 tool [74]. Overall, most studies presented low risk of bias
or some concerns, while a smaller proportion showed high
risk, mainly in randomization and outcome measurement.
Detailed results for each endpoint are provided in Supple-
mentary Figs. 2-5.

Meta-Analysis
Network Structure and Study Characteristics

The NMA included 27 studies (k=27) with 37 pairwise
comparisons (m=237) across 12 distinct interventions
(n=12), employing a random-effects model to account
for between-study variability (Fig. 1). SMD relative to the
control group was used to assess comparative effectiveness.
Among the evaluated interventions, Reiki (SMD — 1.52,
95% CI — 3.01 to — 0.02, p=0.04), aromatherapy (SMD
—1.31,95% CI — 2.47 to — 0.54, p=0.02), and music ther-
apy (SMD — 1.09, 95% CI — 1.50 to — 0.67, p<0.01) dem-
onstrated a statistically significant reduction in the primary
outcome (Fig. 1), whereas all other interventions, includ-
ing audiovisual stimulation, electroacupuncture, guided
imagery, massage, meditation, stress ball use, virtual real-
ity, and visual distraction, did not exhibit significant efficacy
compared to the control. The analysis indicated substantial
heterogeneity (I12=92.7% [90.3%; 94.6%]), with the Music
vs Control comparison exhibiting the highest variability
(Q=257.29, df =12, p<0.01), while Virtual Reality vs
Control showed no significant heterogeneity (Q=3.13,
df =3, p=0.37). Comparisons involving Music, Aroma-
therapy, Audiovisual, and Meditation contributed most to
inconsistency, suggesting variability across studies assessing
these interventions. However, adjusting for differences in
treatment comparisons eliminated inconsistency (Q =3.05,
df=6, p=0.80). All fitted models converged adequately,

@ Springer
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A B

Comparison: other vs ‘Control"

Aromatherapy

Visual Distraction Audiovisual

Treatment (Random Effects Model) SMD 95%-Cl
Aromatherapy —— -1.31 [-2.48; -0.15)
Audiovisual - -0.88 [-1.94; 0.19] Control
Electroacupuncture —_— -0.84 [-2.39; 0.71] .
Guided imaginary e -0.46 [-1.91; 0.98] Virtual Reality
Massage —_—1 -0.94 [-2.51; 0.63]
Meditation and Music — -0.64 [-1.67; 0.39]
Music e -1.09 [-1.50; -0.67]
Reiki — -1.52 [-3.01;-0.02]
Stress Ball —_— -0.99 [-2.59; 0.61]
Virtual Reality —i— -0.09 [-0.89; 0.71]
Visual Distraction —*—}- -0.72 [-1.63; 0.20]
' ' T ' ' Stress Ball Massage

Reiki
1.94; 0.19
8 -0.04 0.84
; [-1.92; 1.84) | [0.71; 2.39)
85 041 0.46 037

[-2.71; 1.00) [-2.08; 126] | [-0.98; 191] [-249; 1.74)

037 0.07 0.94 0.11 048
[232; 1.59) | [-183; 1.97) | [063; 251] [-2.10; 232] [-1.65; 2.62]

-0.67 024 0.64 -0.20 0.18 -031
[-223; 0.88] [171; 124] | [-039; 1.67) [-2.06; 1.67] [159; 1.95] | [-2.18; 1.57)

023 0.21 1.09 0.25 0.63 0.14 045
[-146; 101] | [-087;129) | [0.67; 1.50] [-1.35; 1.86] [086; 2.11) | [-1.48; 1.77) [0.62; 1.51)

0.20 0.64 152 0.68 1.05 0.57 0.88 043
[-1.29; 1.69] [-1.20; 2.48] | [0.02; 3.01) [-1.48; 2.84] [-1.03; 3.14] | [-1.60; 2.74] [-0.94; 2.70] [-1.13; 1.98]

033 0.11 099 0.15 0.52 0.04 035 -0.10 0.5
[231; 1.65) [-181; 2.03] | [-0.61; 259] [-2.08; 2.38] [1.63; 2.68) | [-2.20; 2.28) [-1.56; 2.25) [175; 155] | [-2.72; 1.66

123 0.79 0.09 075 037 -0.86 055 -1.00 143 ;
[-2.64; 0.19] [212; 054] | [-0.71; 089] [-2.49; 1.00] (202 128] | [-2:62; 0.90) [-1.86; 0.75] [-1.90;-0.10] | [-3.13; 027] 69;

20.60 20.16 0.72 0.12 025 023 0.08 037 080 ; 0.63
[-2.08; 0.88] [-121; 0.89] | [-020; 1.63) [-1.92; 1.68] [119; 1.70] | [-2.05; 1.59] [-1.29; 1.44] [132; 0.57] | [-2.56; 0.96] 11; [-0.59; 1.84]

1.57)

Fig.1 Summary of network meta-analysis for anxiety outcomes.
A Forest plot showing standardized mean differences (SMDs) with
95% confidence intervals for each intervention compared with con-
trol using a random-effects model. Negative SMDs indicate greater
anxiety reduction versus control. B Network plot depicting direct and
indirect comparisons among non-pharmacologic interventions. Each
node (blue circle) represents a treatment, with larger nodes indicat-
ing a greater number of participants. Connecting lines (gray edges)

and no statistical evidence of inconsistency was detected
in the NMA. Node-split analysis showed no significant
differences between direct and indirect estimates across
comparisons (p>0.05; Supplementary Figs. 6-7 and Sup-
plementary Table 10), indicating overall consistency. The
relative treatment estimates remained consistent across the
network. The SUCRA values indicate the relative probability
of each intervention being among the most effective across
the assessed outcomes. For anxiety, Reiki (SUCRA =0.67),
Aromatherapy (SUCRA =0.64), and Music (SUCRA =0.65)
ranked highest, suggesting superior efficacy in reducing
anxiety symptoms. Regarding pain, Electroacupuncture
(SUCRA =0.67), Meditation and Music (SUCRA =0.56),
and Stress Ball (SUCRA =0.55) showed the most favora-
ble rankings. For patient satisfaction, the control group

indicate direct head-to-head comparisons, and line thickness corre-
sponds to the number of included studies. C League table summariz-
ing pairwise standardized mean differences (SMD [95% CI]) between
all interventions. Values below the diagonal indicate the estimated
effect of the row-defining treatment versus the column-defining treat-
ment. Negative values favor the row-defining intervention for anxiety
reduction

(SUCRA =0.73), Virtual Reality (SUCRA =0.67), and
Stress Ball (SUCRA =0.62) obtained the highest prob-
abilities, while Music (SUCRA =0.29) and Audiovisual
(SUCRA =0.27) ranked lowest. Finally, in terms of proce-
dure time, Electroacupuncture (SUCRA =0.70), Aromather-
apy (SUCRA =0.66), and Virtual Reality (SUCRA =0.58)
ranked highest, whereas Music (SUCRA =0.26) and Audio-
visual (SUCRA =0.41) were less effective (Table 2). The
rank probability distributions (Supplementary Fig. 8) further
illustrate treatment rankings, with Reiki demonstrating the
highest probability of being the most effective, while Control
was most frequently ranked among the least effective. The
league table of SMDs (Fig. 1 and Supplementary Table 11)
provides comparative treatment effects with 95% confi-
dence intervals. The Reiki vs Control comparison demon-
strated the most significant reduction in anxiety, while other
interventions showed variable efficacy with overlapping
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Table2 Surface Under the Cumulative Ranking Curve (SUCRA)
Scores for non-pharmacological interventions across anxiety, pain,
satisfaction, and time of procedure

Intervention Anxiety Pain  Satisfaction Time of Procedure
Aromatherapy 0.6471 0.4787 - 0.6604
Audiovisual 0.5433 0477 0.2789 0.4175
Control 0.2102 0.4085 0.7387 0.3684
Electroacupunc- 0.5141  0.6750 0.5502 0.7021
ture

Guided Imagery 0.4178 - - -
Massage 0.5375 - - -
Meditation and  0.4644  0.5688 - -
Music

Music 0.6542  0.3980 0.2908 0.2636
Reiki 0.6788 — - -
Stress Ball 0.5412 0.5571 0.6249 -
Virtual Reality  0.299  0.5049 0.6718 0.5822
Visual 0.4923 0.432 0.3447 0.5058

Bold values denote the top-ranked intervention in each category.
indicates that the intervention was not assessed for that outcome

confidence intervals. The funnel plot (Supplementary Fig. 9)
assesses small-study effects and potential publication bias
in the NMA. Visual inspection suggests asymmetry, with
studies dispersed unevenly around the central effect estimate,
particularly in comparisons involving Control, Music, and
Reiki. Egger’s test confirmed significant small-study effects
(p<0.01), indicating possible publication bias.

Secondary Outcomes

The NMA for pain included 21 studies (k=21) with 23
pairwise comparisons (m=23) across 9 distinct

‘ \ Aromal.hempy B

Visual Electroacupuncture

Stress Ball

Control
Audivisual

Audiovisual

Virtual Reality, Stress Ball

Music Virtual Realit
Meditation and Music e -

Fig.2 Network plot of treatment comparisons in the network meta-
analysis. The network plot illustrates treatment comparisons in the
meta-analysis. Nodes (blue circles) represent interventions, with
larger nodes indicating more participants. Edges (gray lines) denote
direct comparisons, where thicker lines reflect a higher number of

@ Springer
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interventions (n=9; Fig. 2A). The NMA for patient satis-
faction included 13 studies (k=13) with 15 pairwise com-
parisons (m=15) across 7 distinct interventions (n=7;
Fig. 2B). The NMA for time of procedure included 13
studies (k=13) with 15 pairwise comparisons (m=15)
across 7 distinct interventions (n=7; Fig. 2C). SMDs were
calculated across all the interventions for the secondary
outcomes (Fig. 3). For patient satisfaction, music therapy
significantly improved satisfaction (SMD =2.22, 95% CI
1.21 to 3.23, p<0.01), while all other interventions did not
exhibit significant efficacy compared to the control. For pain
and time of procedure, none of the interventions had a sta-
tistically significant effect. All analyses showed substan-
tial heterogeneity. Pain (I>=94.5% [92.4%; 96.0]), patient
satisfaction (I2=97.1% [95.8%; 97.9]), and time of proce-
dure (I>=88.8% [80.9%; 93.4%)). Consistency analysis was
performed for all variables (Supplementary Figs. 10-14,
Supplementary Tables 12 and 13). For pain and time of pro-
cedure, with no statistically significant differences observed
between direct and indirect estimates (p > 0.05) across all
comparisons, indicating overall consistency in the net-
work. For patient satisfaction, node-splitting analysis was
not performed because no interventions had both direct and
indirect evidence available for comparison. The SUCRA
values indicate that, for pain, Electroacupuncture
(SUCRA =0.82), Meditation and Music (SUCRA =0.64),
and Stress Ball (SUCRA =0.61) ranked highest, while visual
(SUCRA =0.34) and Control (SUCRA =0.27) ranked lowest
(Table 2 and Supplementary Fig. 15). For patient satisfac-
tion, Audiovisual (SUCRA =0.82), Music (SUCRA =0.75),
and Electroacupuncture (SUCRA =0.43) ranked high-
est, while control (SUCRA =0.18) and virtual real-
ity (SUCRA =0.25; Supplementary Fig. 16) ranked
lowest. For the time of procedure, Electroacupuncture

Aromatherapy

Electroacupuncture
Visual Audiovisual

Control
Control

Virtual Reality

Music

Music Electroacupuncture

studies. The largest node represents the most frequently studied inter-
vention, often the reference treatment. This visualization highlights
the structure of available evidence, showing how treatments are con-
nected and where direct comparisons exist A Pain, B Satisfaction, C
Time of procedure
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A Comparison: other vs 'Control’
Treatment (Random Effects Model) SMD 95%-Cl
Aromatherapy — -0.25 [-2.18; 1.68]
Audivisual —a— -0.22 [-1.91; 1.47]
Electroacupuncture — -1.45 [-3.26; 0.37]
Meditation and Music =~ ————— -0.80 [-2.65; 1.05]

Music —— -0.19 [-0.81; 0.43]
Stress Ball — T -0.71 [-2.55; 1.14]
Virtual Reality — -0.35 [-1.10; 0.40]
Visual —— -0.05 [-1.34; 1.24]

I T T f T T 1

3 2 1 0 1 2 3

B Comparison: other vs 'Control"
Treatment (Random Effects Model) SMD 95%-Cl
Audiovisual 2.77 [-0.02; 5.56]
Electroacupuncture e 0.92 [-1.68; 3.51]
Music — 2.22 [1.21; 3.23]
Stress Ball — 0.36 [-2.26; 2.98]
Virtual Reality — 0.23 [-1.29; 1.75]
Visual ’_';‘: 2.26 [-0.53; 5.05]
4 2 0 2 4
C Comparison: other vs '‘Control’

Treatment (Random Effects Model) SMD 95%-ClI
Aromatherapy } -0.30 [-1.17; 0.58]
Audiovisual -0.00 [-1.11; 1.10]
Electroacupuncture ——+———— -0.32 [-1.14; 0.50]
Music —_—Ta 0.14 [-0.53; 0.82]
Virtual Reality — -0.18 [-0.79; 0.43]
Visual — -0.13 [-0.98; 0.73]

| T T 1

-1 05 0 0.5 1

Fig.3 Network meta-analysis of non-pharmacological interventions.
Forest plot showing standardized mean differences (SMD) with 95%
confidence intervals for non-pharmacological interventions versus
control in reducing anxiety. Negative SMD favors the intervention.
Squares represent effect sizes, and horizontal lines indicate confi-
dence intervals. A Pain, B Satisfaction, C Time of procedure

(SUCRA =0.66), Aromatherapy (SUCRA =0.63), and Vir-
tual Reality (SUCRA =0.57) ranked highest, while Music
(SUCRA =0.29) and Control (SUCRA =0.38) ranked low-
est (Table 2 and Supplementary Fig. 17). The league table
of SMDs (Supplementary Tables 14—16) provides com-
parative treatment effects with 95% confidence intervals for
all secondary outcomes. Funnel plots for all outcomes
showed asymmetry (Supplementary Figs. 18-20). However,
only the Egger’s test for patient satisfaction revealed sig-
nificant small-study effects (p <0.01), suggesting potential
publication bias. Egger’s test for pain (p=0.31) and time of
procedure (p=0.37) did not detect significant small-study
effects, indicating a low risk of publication bias.

Sensitivity Analysis

Anxiety In studies with low or some concerns for risk
of bias (k=20; Supplementary Fig. 21), aromatherapy
(SMD-1.76; 95% CI —3.25 to—0.27; p=0.02), Reiki
(SMD—1.75;95% CI —3.23 to—0.26; p=0.02), and music
therapy (SMD—0.99; 95% CI —1.44 to—0.54; p<0.01;
Supplementary Fig. 22) demonstrated significant reduc-
tions in anxiety. The overall network showed substantial
heterogeneity (I=92.2%). SUCRA rankings placed aro-
matherapy (0.83), Reiki (0.82), and music therapy (0.60;
Supplementary Table 17), with pairwise effects detailed
in the league table (Supplementary Table 18). For lower
procedures (k=13), music therapy was the only interven-
tion with significant benefit (SMD —1.80; p <0.01;Supple-
mentary Figs. 23-24); the overall network displayed very
high heterogeneity (I?=96.5%), with music ranked highest
(SUCRA =0.86; Supplementary Tables 19-20). In upper
procedures (k= 10), aromatherapy, Reiki, music, audiovis-
ual distraction, and massage were significant, with overall
heterogeneity remaining substantial (I>=80.8%; Supple-
mentary Figs. 25-26); aromatherapy (0.90) and Reiki (0.90)
achieved the top rankings (Supplementary Tables 21-22).
In sedated patients (k=9), only music therapy was effec-
tive (SMD — 1.58; p=0.0047; Supplementary Figs. 27-28),
with the network showing high heterogeneity (I>=95.8%)
and music achieving the highest ranking (SUCRA =0.83;
Supplementary Tables 23-24). Among non-sedated patients
(k=18), aromatherapy, Reiki, and music therapy were sig-
nificant (Supplementary Figs. 29-30), overall heterogeneity
was high (’=92.1%), and Reiki (0.82) and aromatherapy
(0.78) ranked highest (Supplementary Tables 25-26).

Pain In network meta-analysis restricted to studies at low
or some concerns for risk of bias (k="7), electroacupuncture
(SMD —1.45; 95% CI—1.83 to—1.06; p<0.01) and music
therapy (SMD=- 1.09, 95% CI — 1.50 to — 0.67, p<0.01)
significantly reduced pain (Supplementary Figs. 31-32, Sup-
plementary Table 27), with no overall network heterogeneity
(I=0.00%). The highest SUCRA values were observed for
electroacupuncture (1.00) and music (0.85; Supplementary
Table 28). In subgroup analyses, lower procedures (k=15)
showed no significant interventions with high heterogeneity
(1>=95.50%;Supplementary Figs. 33-34, Supplementary
Tables 29-30), whereas upper procedures (k=35) identified
electroacupuncture (SMD —1.45; p<0.01), music ther-
apy (SMD—-1.51; p<0.01), and stress ball (SMD —0.71;
p=0.01) as effective, with highest SUCRA values for
music (0.89) and electroacupuncture (0.85; Supplemen-
tary Figs. 35-36, Supplementary Tables 31-32). Among
sedation subgroups, music therapy was effective in non-
sedated patients (SMD—0.89; p=0.01; Supplementary
Figs. 37-38), with overall heterogeneity high (I=92.50%)
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and the highest SUCRA for music (0.82; Supplementary
Tables 33—-34), while no significant effects were observed in
sedated patients (I°=97.30%; Supplementary Figs. 39—40,
Supplementary Tables 35-36). League tables of pairwise
comparisons are provided in the Supplementary.

Duration In studies with low or some concerns for risk of
bias (k=5), no interventions significantly reduced proce-
dure duration. Overall network heterogeneity was very high
(1=98.10%). The highest SUCRA values were for virtual
reality (0.60) and visual distraction (0.59; Supplementary
Figs. 41-42, Supplementary Tables 37-38). In subgroup
analyses, upper procedures (k=3) showed no significant
effects, with very high heterogeneity (I>=98.10%) and the
highest SUCRA values for electroacupuncture (0.57) and
virtual reality (0.57; Supplementary Figs. 43—44, Supple-
mentary Tables 39—40). Lower procedures (k=10) also
showed no significant effects, with moderate heterogene-
ity (I=65.40%) and the highest SUCRA for aromather-
apy (0.79; Supplementary Figs. 45-46, Supplementary
Tables 41-42). The upper procedures and sedated proce-
dures analysis were not performed due to the low number of
studies. In non-sedated patients (k= 11), electroacupuncture
(SMD—1.08;95% CI—1.33 to—0.84; p<0.01), aromather-
apy (SMD-0.33; 95% CI-0.59 to—0.07; p=0.01), and
music therapy (SMD 0.42; 95% CI 0.18 to 0.65; p<0.01)
were effective (Supplementary Figs. 47-48), with low het-
erogeneity (I=4.90%) and highest SUCRA values for elec-
troacupuncture (1.00) and aromatherapy (0.77; Supplemen-
tary Tables 43-44).

Satisfaction In studies at low or some concerns for risk
of bias (k=11), music therapy significantly improved sat-
isfaction (SMD 1.38; 95% CI 0.47 to 2.29; p<0.01; Sup-
plementary Figs. 49-50), with overall heterogeneity high
(1=96.70%). The highest SUCRA values were observed
for control (0.82) and virtual reality (0.67; Supplemen-
tary Tables 45-46). In subgroup analyses, music therapy
remained effective in lower procedures (k=7; SMD 1.97;
95% CI 0.90 to 3.05; p<0.01; Supplementary Figs. 51-52,
Supplementary Tables 47-48) and sedated patients (k=6;
SMD 3.20; 95% CI 1.15 to 5.25; p<0.01; Supplementary
Figs. 53-54), both with high heterogeneity (I>=97.60%
and I=98.40%), and the highest SUCRA consistently for
music (>0.90; Supplementary Tables 49-50). Analysis for
upper procedures was not performed due to the low num-
ber of studies available. In non-sedated patients (k=7),
music therapy did not reach statistical significance (SMD
1.30; 95% CI-0.03 to 2.63; p=0.06; Supplementary
Figs. 55-56), with high heterogeneity (I>=96.40%) and the
highest SUCRA values for audiovisual distraction (0.78)
and music (0.67; Supplementary Tables 51-52).

@ Springer

Discussion

This systematic review and meta-analysis provide a com-
prehensive evaluation of non-pharmacological interven-
tions in patients undergoing endoscopy and colonoscopy.
This study addresses several methodological limitations of
earlier reviews by strictly adhering to PRISMA guidelines,
employing dual independent data extraction, and conducting
rigorous quality assessments of included studies.

Anxiety is a significant concern in medical and procedural
settings, often leading to increased physiological stress, dis-
comfort, and non-compliance with medical interventions [2].
Non-pharmacological strategies, such as aromatherapy, Reiki
and music therapy, have gained attention as effective meth-
ods for reducing anxiety without the side effects of sedative
medications [8]. The results of our analysis demonstrate that
Reiki, aromatherapy, and music therapy are associated with a
significantly lower incidence of anxiety compared with control
groups, reinforcing their effectiveness in anxiety management.
In contrast, other interventions, such as stress balls and visual
distraction, show a more evenly distributed ranking, suggest-
ing lower consistency in their effectiveness. The distribution of
music therapy aligns with previous findings demonstrating its
ability to modulate physiological stress responses, reduce corti-
sol levels, and promote relaxation [2, 3]. In the rank probability
distribution, music therapy (SUCRA =0.67) ranks among the
more effective interventions for anxiety but is slightly lower
than Reiki (SUCRA =0.78). A higher SUCRA value for Reiki
may reflect favorable point estimates across multiple compari-
sons. However, music still outperforms interventions such as
stress balls, visual distraction, and electroacupuncture, sug-
gesting that its effectiveness is well-supported compared to
commonly used relaxation techniques. This aligns with previ-
ous findings showing that music therapy significantly reduces
anxiety symptoms, stress hormone levels, and physiological
markers of distress [8]. Given its ease of implementation, lack
of adverse effects, and demonstrated efficacy, music therapy
represents a viable option for reducing anxiety in clinical and
everyday contexts. Classical music, with its structured har-
monies and slow tempos, is widely used in music therapy
for anxiety [9]. Meditation music, including Tibetan singing
bowls and binaural beats, also promotes relaxation. Addition-
ally, patient-selected music enhances therapy effectiveness by
aligning with personal emotional responses [5]. Music has
also been used effectively in other settings, such as Reiki and
guided meditation, where it helps facilitate deep relaxation
and energy balance. Moreover, the SUCRA value of 0.67 for
music therapy suggests a high probability of being among the
most effective interventions. Reiki, with a SUCRA value of
0.78, demonstrates a higher probability of ranking among the
top interventions for anxiety, suggesting that Reiki may have a
greater overall impact on anxiety reduction compared to music
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therapy. Reiki has demonstrated effectiveness in reducing anxi-
ety across various settings. In postoperative care, some stud-
ies suggest that Reiki helps lower anxiety levels and enhances
relaxation following surgery, though findings remain mixed due
to differences in study methodologies [64]. While in oncology
settings, Reiki has been used to support cancer patients under-
going chemotherapy and radiation therapy, helping to alleviate
treatment-related anxiety and promote emotional well-being
[64]. Additionally, Reiki has been applied in chronic pain man-
agement, where it has shown potential in reducing anxiety by
inducing deep relaxation and decreasing stress-related physio-
logical responses [64]. It should also be noted that interventions
supported by only limited or indirect evidence, such as virtual
reality and guided imagery, should not be regarded as ineffec-
tive. Their lower ranking reflects the small number of available
studies, and further research is needed to establish their efficacy.

Despite the evaluation of numerous non-pharmacological
interventions, our analysis did not identify any significant
impact of these strategies on pain reduction during endoscopic
procedures. Electroacupuncture, meditation combined with
music, and the use of stress balls achieved the highest rankings
in the SUCRA scores for pain management. However, none of
the interventions demonstrated statistically significant superior-
ity compared to the control group. This indicates that although
these interventions might offer a certain level of comfort, their
efficacy in directly reducing procedural pain is still uncertain.
These findings contrast with recent research that demonstrated
meditation and electroacupuncture could affect pain perception
through physiological and neurological mechanisms, such as
endorphin release and autonomic modulation [45, 61]. How-
ever, the considerable variability noted in the studies included,
along with the differences in pain assessment methodologies,
procedural contexts, and sample size, may explain the absence
of significant results in our meta-analysis. Previous research
has shown mixed results regarding the use of music therapy
for pain relief, with some studies indicating minor benefits and
others reporting no significant effects. These findings highlight
its potential role in other procedures beyond endoscopy [43, 48,
641, as previous studies have suggested that electroacupuncture
may reduce sedation requirements in endoscopic procedures
[45]. However, its direct impact on pain perception remains
uncertain. Given its potential role in modulating physiologi-
cal and neurological responses, further research is needed to
explore its efficacy in other medical procedures.

Patient satisfaction plays a crucial role in the success of
medical interventions such as colonoscopies and endoscopies,
influencing both procedural outcomes and patient adherence
to follow-up care [25]. Aksu et al. reported that high levels of
satisfaction lead to better patient outcomes overall, decreased
anxiety, and a greater disposition to undergo procedures in
the future [51]. Numerous methods have been investigated to
increase satisfaction; music therapy is a particularly success-
ful and non-invasive strategy. According to Sun et al., adding

music before endoscopic treatments considerably improves
patient satisfaction levels [23]. This is consistent with our find-
ings that overall satisfaction increased significantly as a result
of music therapy. Similar findings from additional studies have
shown that music not only reduces the discomfort during the
process but also enhances the patient experience by creating a
calmer environment [29]. Music acts as a therapeutic distrac-
tion by modulating the limbic system, which is responsible for
emotional processing and stress regulation, thereby enhancing
the overall patient experience [29].

Another important factor that impacts patient experience
is procedural duration. Although anxiety and pain have been
shown to increase procedure duration [21, 28], none of the
interventions in our analysis showed a statistically significant
impact on the duration to complete the procedures, indicating
that external factors might be more crucial. These results are
consistent with previous studies that found little to no effect on
the length of the process [36, 53]. A possible explanation is that
although these methods could lead to less anxiety, they have no
direct impact on the efficiency of the procedure.

Subgroup analyses further contextualize these findings.
In patients undergoing lower endoscopic procedures, music
therapy showed the most consistent benefit for anxiety reduc-
tion, while aromatherapy and Reiki were particularly effective
in upper procedures. In sedated patients, music therapy sig-
nificantly improved both anxiety and satisfaction, whereas in
non-sedated patients aromatherapy and Reiki also demonstrated
robust effects. For pain, electroacupuncture and music therapy
appeared effective in upper procedures but not in lower ones.
Subgroup analyses for procedural duration confirmed the over-
all results, with no intervention showing a consistent reduction
in completion time. These findings suggest that while specific
interventions may provide benefit depending on procedural
context or sedation status, the heterogeneity of results highlights
the importance of tailoring non-pharmacological strategies to
individual settings.

Limitations and Practical Implications

Although our meta-analysis yielded significant findings, it pre-
sents certain limitations. Over 50% of the 48 studies demon-
strated a low risk of bias, offsetting the 20% that reported a high
risk of bias in critical areas such as randomization processes
and outcome measurements. Additionally, the language restric-
tion to English publications may have excluded relevant stud-
ies, limiting the scope of our review. Nevertheless, the analysis
incorporated studies from a geographically diverse range of
countries, offering cultural varietyA further limitation was
the lack of direct comparisons between interventions, as most
studies assessed interventions against control. This constrained
our ability to evaluate comparative efficacy. Moreover, most
interventions involved small sample sizes, and the number of
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studies per intervention was limited. The music versus control
intervention emerged as the most studied and had the largest
sample size, ultimately being the only comparison that demon-
strated statistically significant results. Substantial heterogeneity
was also observed across analyses (I*>90%).

Another important limitation relates to the variability in
intervention protocols. For example, studies on music therapy
differed in music genre, delivery method (headphones vs.
ambient), timing (pre-, intra-, or post-procedure), and duration,
making it difficult to establish standardized recommendations.
Similarly, interventions such as virtual reality demonstrated
variability in immersion level and equipment used, which may
influence patient outcomes. Additionally, variability in outcome
measurement tools (e.g., different anxiety and pain scales) may
have contributed to heterogeneity, further limiting comparabil-
ity across studies Despite these limitations, the findings carry
meaningful clinical implications. Music therapy is feasible,
low-cost, and easy to implement in endoscopy suites. Clinicians
could integrate it by providing patients with headphones and
curated playlists before and during the procedure, ensuring min-
imal disruption to workflow. Practical guidelines should focus
on selecting calming, patient-preferred music, standardizing
delivery duration, and incorporating staff training to optimize
effectiveness. Another limitation is that some included studies
involved pediatric patients. However, the number of pediatric
participants was too small and data presentation too limited to
allow for a separate analysis. Therefore, our findings mainly
reflect adult populations.

Future research should prioritize large-scale direct interven-
tion trials with standardized methodologies to enhance reliabil-
ity and establish causal relationships. Additionally, exploring
multimodal approaches such as combining music therapy with
relaxation techniques or virtual reality in diverse clinical set-
tings may further advance patient-centered care during endo-
scopic procedures.

Conclusion

Our systematic review and meta-analysis provide a thor-
ough assessment of non-pharmacological strategies aimed
at reducing anxiety in patients undergoing endoscopy and
colonoscopy. Of the 12 approaches evaluated, Reiki, aro-
matherapy, and music therapy demonstrated the most con-
sistent and statistically significant reductions in anxiety,
with music additionally associated with improved patient
satisfaction. The remaining interventions did not con-
sistently outperform standard care. Secondary outcomes
showed no significant effects on pain, overall satisfaction,
or procedure duration. Subgroup analyses indicated that
music therapy was most effective in sedated and lower

@ Springer

endoscopic procedures, while Reiki and aromatherapy
showed greater benefits in non-sedated and upper proce-
dures. These findings suggest that tailoring interventions
to procedural context and patient characteristics may max-
imize clinical benefit. To strengthen the evidence base,
greater standardization of outcome measures and study
designs will be essential. Given the promising results
observed, incorporating non-pharmacological approaches,
particularly music therapy, into routine clinical practice
may enhance patient-centered care during endoscopic pro-
cedures. Future research should prioritize direct interven-
tion studies and allow for stronger conclusions regarding
the comparative effectiveness of these approaches.
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