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Digital health interventions for
perioperative patient-reported outcomes:
a network meta-analysis
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Digital health interventions (DHIs), delivered via digital platforms such as internet-based programs,
mobile applications or short messages, may improve patient-reported outcomes (PROs), but
comparative effectiveness is unclear. We conducted a network meta-analysis of randomized
controlled trials in adults undergoing elective surgery under general anesthesia, identified in PubMed,
Embase, CENTRAL, and Web of Science to March 1, 2025. Standardized mean differences (SMDs),
mean differences (MDs) withminimal important differences (MIDs), and 95%CIs were estimated. Risk
of biaswas assessedwith RoB 2 and certainty of evidencewith GRADE. Fifty-six trials (6,154 patients)
were included. Extended reality (XR)most effectively reducedperioperative anxiety (SMD0.60; 95%CI
0.37–0.84;MD8.05;MID 6.71;moderate-certainty). For postoperative pain,mobile applications (SMD
0.64; 95%CI 0.32–0.95;MD1.36;MID 1.0;moderate-certainty) and XR (SMD0.51; 95%CI 0.26–0.76;
MD 1.09; MID 1.0; moderate-certainty) were probably effective. For quality of life, 2D video yielded the
greatest gain (SMD 0.99; 95% CI 0.11–1.88; MD 0.11; MID 0.05; high-certainty). XR also improved
satisfaction (SMD 1.27; 95% CI 0.63–1.91; MD 1.91; MID 0.75; moderate-certainty). These findings
suggest that DHIs may improve perioperative PROs.

Patient-reported outcomes (PROs) are patient-centered assessments that
capture key aspects of health status, including physical and psychological
well-being, health-related quality of life, treatment satisfaction, and
healthcare experience1,2. In the perioperative setting, PROs provide essential
insights into the effects of surgical interventions and perioperative care on
patients’ anxiety, pain, quality of life, and overall satisfaction3. This direct
documentation of symptom burden and treatment impact provides critical
perspective to inform the development and implementation of emerging
healthcare technologies4,5.

The perioperative period—spanning preoperative, intraoperative, and
postoperative phases—represents a highly stressful and uncomfortable
interval for patients. Given its profound impact on patient experiences, this
period is a critical setting for the application of PROs6. Psychophysiological

responses, such as heightened pain and anxiety, are commonly experienced
during this period7. These responses can compromise preoperative stability
(e.g., elevated blood pressure, poor sleep, or reduced nutritional intake) and
increase the risk of intraoperative and postoperative complications, ulti-
mately hindering comprehensive and positive recovery8–10. Effective pain
and anxiety management is therefore essential to all aspects of recovery,
including mental status, nutritional intake, cost of care, rehabilitation,
patient satisfaction, and overall PROs11.

Enhancing PROs through nonpharmacological strategies like patient
education is a cornerstone of perioperative patient-centered care, with
benefits for reducing anxiety, improving pain control, and increasing
satisfaction12,13. However, traditional in-person education faces limitations
in staffing, scalability, time, and accessibility14, emphasizing the urgent need
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for scalable and efficient alternatives. Digital health interventions (DHIs)
have thus emerged as a promising solution to deliver personalized and
accessible support for perioperative education and symptom
management15,16.

Defined by the World Health Organization (WHO) as “a discrete
functionality of digital technology that is applied to achieve health objec-
tives”, DHIs are delivered directly to patients via digital platforms such as
internet-based programs, mobile applications, or short message service
systems17,18. Evidence across surgical specialties has demonstrated the
effectiveness of these web-based and mobile tools in providing education,
symptom monitoring, and patient support19–21. Compared to in-person
interventions, DHIs offer notable advantages, including enhanced patient
experiences, improved understanding of treatment options’ benefits and
risks, and better management of anxiety, pain, and quality of life22.

Despite the rapidly growing interest in applying DHIs to manage
perioperative conditions such as pain, anxiety, and quality of life impair-
ment, to our knowledge, the implications of DHIs for PROs in the perio-
perative care have not been quantitatively assessed. This network meta-
analysis aims to comprehensively evaluate the effectiveness of DHIs for
perioperative conditions as reported in published randomized controlled
trials (RCTs) and to assess the extent to which differences in outcomesmay
be explained by various intervention types.

Results
Description of included studies
We screened 12,240 records and assessed 205 full-text articles for eligibility,
ultimately included 56 RCTs involving 6154 participants (47% male). The

pooled mean age was 53.77 years (95% CI 53.50–54.05). Most studies were
conducted in China (13 trials, 23%), Turkey (9 trials, 16%), and the United
States (8 trials, 14%). Details of the study selection process are presented in
Fig. 1, and the characteristics of includedRCTs are summarized in Table S4.
The risk of bias assessment indicated that 86% of studies had a low or
concered risk of bias, while eight studies were rated as high risk—two due to
randomization issues and six due to missing outcome data (Fig. S1,
Table S5). No significant publication bias was found based on comparison-
adjusted funnel plots and Egger’s tests (Figs. S2 and S3). Table S6 sum-
marizes the results of incoherence assessments between direct and indirect
estimates, Table S7 display the results of between-study heterogeneity
assessments, and Table S8 presents the results of certainty of evidence
assessments for direct, indirect, and network comparisons.

Data analysis
Figure 2 illustrates network plots of RCTs comparing various DHIs across
four outcomes: anxiety, pain, quality of life, and satisfaction. In the net-
work plots, the thickness of the connecting lines represents the number of
trials between specific interventions, and the node size reflects the sample
size. The number of included studies that reported data on each outcome
was as follows: 32 for anxiety, 37 for pain, 17 for quality of life, and 9 for
satisfaction.

Figure 3 summarizes the comparative effectiveness and certainty of
evidence across interventions. XR was categorized as among the most
effective interventions for reducing perioperative anxiety and improving
patient satisfaction. Mobile applications were most effective for reducing
postoperative pain, while 2D videowasmost effective for improving quality

Fig. 1 | Study Flow Diagram.
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of life. These classifications were based on point estimates exceeding the
MID and confidence intervals entirely or mostly above the MID.

Table 1 presents the detailed results of the network meta-analysis.
Comparedwith standard care, XR significantly reduced anxiety (SMD0.60;
95%CI 0.37–0.84; MD 8.05; I² 82%), exceeding theMID of 6.71; because of
this substantial heterogeneity, the certainty of evidence was rated as mod-
erate. 2Dvideoalso reduced anxiety (SMD0.46; 95%CI0.18–0.75;MD6.18;
I² 43%), but did not reach the MID, indicating uncertain clinical relevance
despite high-certainty evidence. For postoperative pain,mobile applications
(SMD0.64; 95%CI 0.32–0.95;MD1.36; I² 84%) andXR (SMD0.51; 95%CI
0.26–0.76; MD 1.09; I² 78%) both exceeded the MID of 1.0, yet substantial
heterogeneity again led to moderate-certainty evidence. 2D video showed
the greatest improvement in quality of life (SMD 0.99; 95% CI 0.11–1.88;
MD0.11), surpassing theMIDof 0.05with high-certainty evidence. XR also
improved patient satisfaction (SMD 1.27; 95% CI 0.63–1.91; MD 1.91; I²
88%), exceeding the MID of 0.75; however, because of the substantial het-
erogeneity, this result was also graded as moderate-certainty evidence.
Detailed league tables for these outcomes are provided in Figs. S4– S7.

Subgroup and sensitivity analysis
We conducted two subgroup analyses. The first analysis examined the
timingof anxiety assessment, categorized as preoperative andpostoperative.
For preoperative anxiety, XR showed the greatest effect (SMD 0.83; 95% CI
0.54–1.12; MD 7.48; I² 72%), exceeding the MID of 4.51, with moderate-
certainty evidence. For postoperative anxiety, 2D video showed the largest
effect size among interventions (SMD 0.39; 95% CI 0.07–0.72; MD 7.39; I²
62%), but the estimated benefit did not exceed the MID threshold of 9.48
and was supported by low-certainty evidence (Table S9).

The second subgroup analysis investigated the impact of different
interventions on anxiety and pain levels in open and minimally invasive
surgeries. In open surgeries, XR showed the greatest benefit (SMD0.65; 95%
CI 0.37–0.92; MD 10.90; I² 46%), exceeding the MID of 8.39 with high-
certainty evidence. 2D video (SMD 0.46; 95% CI 0.19–0.72; MD 7.71; I²
45%) andweb applications (SMD0.38; 95%CI 0.04–0.72;MD 6.37; I² 56%)
significantly reduced anxiety, but both fell short of the MID threshold,
suggesting uncertain clinical relevance despite high-certainty evidence. In
minimally invasive surgeries, mobile applications demonstrated the largest
effect (SMD1.11; 95%CI 0.33–1.89;MD10.18), exceeding theMIDof 4.59,
with high-certainty evidence. 2D video also showed a clinically meaningful
benefit (SMD 0.81; 95% CI 0.32–1.30; MD 7.43), surpassing the MID and
supported by high-certainty evidence.

For pain management in open surgeries, XR was the most effective
intervention (SMD 0.75; 95% CI 0.44–1.06; MD 1.76; I² 42%), with high-
certainty evidence and a clinically meaningful effect exceeding the MID of
1.0. Mobile applications (SMD 0.58; 95% CI 0.25–0.91; MD 1.36; I² 73%)
also exceeded the MID, supported by moderate-certainty evidence.
Although 2Dvideo showed a statistically significant benefit (SMD0.37; 95%
CI 0.04–0.70; MD 0.87; I² 0%), the effect did not reach the MID threshold,
indicating limited clinical relevance. In minimally invasive surgeries, none
of the interventions achieved a statistically significant or clinically mean-
ingful reduction in pain comparedwith standard care. Figs. S8– S13 present
detailed network plots, forest plots comparing each intervention with
standard care, and league tables summarizing the findings.

The sensitivity analysis excluded studies with a high risk of bis (n = 8)
identified using the RoB 2 tool. Results for anxiety, pain, and satisfaction
were consistentwith the primary analysis. In terms of quality of life, both 2D

Fig. 2 | Network plots of digital health interventions. aAnxiety, bPain, cQuality of
Life, and d Satisfaction. Each circular node represents a type of intervention. The
node size is proportional to the total number of patients. Connecting lines indicate

direct comparisons of interventions, and their width is proportional to the number
of pairwise comparisons. Abbreviations: XR Extended reality, 2D = 2 dimensional,
App application.
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video (SMD0.99; 95%CI 0.13–1.86) andXR (SMD0.93; 95%CI 0.07–1.78)
showed significant effectiveness. This indicates that the primary analysis
may have underestimated the impact of XR on quality of life by including
studies with a high risk of bias. Additional visual representations of the
results are provided inFig. S14,which includes forest plots and league tables.

Discussion
This study conducted a large-scale quantitative analysis involving over 6154
participants from56RCTs to evaluate the existing evidenceon theoutcomes
of DHIs for enhancing PROs in perioperative care. Our findings indicate
that DHIs were associated with significant improvements in perioperative
PROs—anxiety, pain, quality of life, and satisfaction—compared with
standard care. Among the interventions, XR, mobile applications (e.g.,
interactive apps for perioperative education, postoperative care guidance or
real-time health monitoring), and video-based tools showed the most
consistent and substantial effects.

Regarding timing of outcomes, XR was particularly effective in redu-
cing preoperative anxiety, while 2D video showed greater effectiveness for
postoperative anxiety. In open surgeries, XR demonstrated the strongest
effects on both pain control and anxiety alleviation. For minimally invasive
procedures, mobile applications provedmore effective in alleviating anxiety
and pain. These findings highlight the potential of DHIs as innovative and
effective tools for optimizing perioperative PROs, providing tailored, scal-
able, and patient-centered solutions across diverse surgical settings. To
enhance clinical interpretability, we prespecifiedMID for anxiety, quality of
life, and satisfactionas 0.5 times thepooled standarddeviation, and1.0 point
on the 0–10 pain scale for postoperative pain, so that effect estimates could
be judged against patient-relevant thresholds of benefit.

Perioperative discomfort is a major clinical concern, with studies
reporting high prevalence of severe anxiety and frequent pain23. Most
patients express strong demand for more comprehensive information
throughout the perioperative process to reduce uncomfortable experience24.

Multiple studies have demonstrated that DHIs effectively reduce anxiety,
pain, and stress, while enhancing quality of life and patient satisfaction
across various surgical procedures, including cardiac, orthopedic, and
musculoskeletal surgeries11,25,26. In a randomized crossover study, a
telehealth-based virtual reality program reduced pain intensity, pain inter-
ference and behavior, and mood and sleep disturbances in individuals with
chronic orofacial pain27. Additionally, DHIs have been associated with
decreased rates of 30-day readmissions and emergency department visit
rates following abdominal surgeries28. These DHIs may provide persona-
lized support, education, and self-management tools in the future29. While
most studies report DHI outcomes equivalent to or better than standard
care, evidence quality varies, necessitating further research to establish long-
term efficacy and cost-effectiveness20,30,31.

Our resultswere consistentwithprevious systematic reviews andmeta-
analysis studies on DHIs, which have also identified improvements in
chronic pain, functioning, and quality of life, although these studies did not
specifically focuson theperioperative population32–35.A large-scale reviewof
over 1200 controlled trials have supported the effectiveness ofDHIs and also
confirmed their therapeutic potential in managing pain and mood
disorders31. Formusculoskeletal pain, DHIs demonstrate small tomoderate
effects in reducing pain, improving functioning, and enhancing quality of
life34,35. For cardiac patients,DHIs, particularly telemonitoring systems, have
beneficial effects on depression and anxiety36–38. For cancer patients, DHIs
effectively improve quality of life and reduce anxiety and depression
symptoms39. Moreover, DHIs have been shown to significantly reduce
systolic blood pressure in patients with hypertension and were also con-
sidered helpful in inequities elimination, as they can be widely disseminated
without reducing intervention fidelity40,41. Overall, DHIs offer a scalable,
accessible and high-potential solution for improving PROs across various
health conditions.

The strength of this study is that, to our knowledge, it was the first to
provide an overview of the implications of DHIs for PROs in perioperative

                                 Intervention                                  
    Outcome Extended Reality Video (2D) Mobile 

application Web application Face-to-face visit Telemedicine Standard care

Anxiety                                   
(SMD, 95% CI) 0.60 (0.37, 0.84) 0.46 (0.18, 0.75) 0.38 (-0.03, 0.80) 0.36 (-0.13, 0.84) 0.19 (-0.54, 0.92) 0.07 (-0.53, 0.66) Reference

Pain                                              
(SMD, 95% CI) 0.51 (0.26, 0.76) 0.32 (-0.06, 0.69) 0.64 (0.32, 0.95) 0.30 (-0.54, 1.15) -0.09 (-0.58, 0.41) 0.14 (-0.26, 0.53) Reference

Quality of life
 (SMD, 95% CI) 0.40 (-0.11, 0.91) 0.99 (0.11, 1.88) 0.13 (-0.21, 0.46) 0.03 (-0.59, 0.66) -0.35 (-0.90, 0.19) -0.27 (-0.86, 0.32) Reference

Satisfaction  
(SMD, 95% CI) 1.27 (0.63, 1.91) 0.22 (-0.37, 0.81) 0.89 (-0.36, 2.14) 0.47 (-0.30, 1.23) 0.69 (-0.38, 1.76) 0.25 (-1.02, 1.52) Reference

Table legends and deseription of color gradients:

Categories High/Moderate Certainty Evidence Low/Very Low Certainty Evidence

Among the most effective Definitely better than standard care May be better than standard care

Among the intermediate effective Probably better than standard care Might be better than standard care

Among the least effective Not convincingly different with standard care Might be similar to standard care

Fig. 3 | Effects of digital health interventions on perioperative patient-reported
outcomes. We categorized the interventions into three tiers based on their effects
relative to reference group (i.e., standard care). Most effective interventions had a
point estimate exceeding the minimal important difference (MID) with the 95%
confidence interval (CI) entirely above theMID. Intermediate effective interventions

had a point estimate above the MID but a 95% CI that crossed the MID. Least
effective interventions had a point estimate not exceeding the MID, indicating no
clinically meaningful difference from standard care. Bold text indicates that the 95%
CI did not cross the null effect (statistical significance).

https://doi.org/10.1038/s41746-026-02398-8 Article

npj Digital Medicine |           (2026) 9:206 4

www.nature.com/npjdigitalmed


period. However, our findings should be interpreted considering several
limitations. First, substantial statistical and clinical heterogeneity was
observed across several pooled analyses, particularly for pain, anxiety and
quality-of-life outcomes. This heterogeneity is likely related to differences in
intervention modalities and protocols (e.g., types and intensity of digital
health interventions), surgical procedures (open vs minimally invasive
surgery and different specialties), patient populations (such as age and
baseline psychological status), and methodological approaches (including
outcomemeasures and follow-up time points). Although we used random-
effectsmodels and conductedprespecified subgroup and sensitivity analyses
to explore these sources of heterogeneity, residual heterogeneity remained;
therefore, these pooled estimates should be interpreted with caution. Sec-
ond, our MID-based categorization of intervention effectiveness was a
pragmatic aid to interpretation rather than a strict hypothesis-testing fra-
mework.Althoughwedefined “most effective” interventions as thosewhose

point estimates and 95% CIs exceeded the MID, a few borderline com-
parisons with 95% CIs marginally crossing the MID were still grouped in
this category when most of the interval lay above the threshold, so the
certainty of benefit for these comparisons may be slightly overstated. Third,
the variability in DHI parameters across different clinical conditions pre-
vented a thorough assessment of the effects andquality of each intervention.
Additionally, it was difficult to extract and classify interventions in a stan-
dardized way, such as videos in mobile applications, which complicates the
isolation of individual intervention effects. Future research should further
evaluate the effectiveness and practicality of combined interventions or
investigate more advanced technologies, such as AI-driven models, in
perioperative care settings42–44. From a practical perspective, our findings
suggest that XR-based and mobile application-based interventions may be
prioritized forpatientswithhighpreoperative anxiety or at risk ofmoderate-
to-severe postoperative pain, while their implementation should take into

Table 1 | Summary of estimated effect sizes and certainty of evidence

Outcome SMD (95% CI) SMDReexpressed on a Common Scale, MD (95%CI)a P score Certainty of Evidence

Anxiety

Extended Reality 0.60 (0.37, 0.84) 8.05 (4.99, 11.27) 0.87 ⊕⊕⊕⊝ Moderateb

Video(2D) 0.46 (0.18, 0.75) 6.18 (2.42, 10.07) 0.69 ⊕⊕⊕⊕ High

Mobile-App 0.38 (−0.03, 0.80) 5.10 (−0.40, 10.74) 0.60 ⊕⊕⊝⊝ Lowb,c

Web-App 0.36 (−0.13, 0.84) 4.83 (−1.74, 11.27) 0.57 ⊕⊕⊕⊝ Moderatec

Face-to-face visit 0.19 (−0.54, 0.92) 2.55 (−7.25, 12.35) 0.39 ⊕⊕⊝⊝ Lowc,d

Telemedicine 0.07 (−0.53, 0.66) 0.94 (−7.12, 8.86) 0.25 ⊕⊕⊕⊝ Moderatec

Standard care Reference Reference 0.14 Reference

Pain

Mobile-App 0.64 (0.32, 0.95) 1.36 (0.68, 2.02) 0.90 ⊕⊕⊕⊝ Moderateb

Extended Reality 0.51 (0.26, 0.76) 1.09 (0.55, 1.62) 0.78 ⊕⊕⊕⊝ Moderateb

Video(2D) 0.32 (−0.06, 0.69) 0.68 (−0.13, 1.47) 0.56 ⊕⊕⊕⊝ Moderatec

Web-App 0.30 (−0.54, 1.15) 0.64 (−1.15, 2.45) 0.54 ⊕⊕⊕⊝ Moderatec

Telemedicine 0.14 (−0.26, 0.53) 0.3 (−0.55, 1.13) 0.38 ⊕⊕⊝⊝ Lowb,c

Standard care Reference Reference 0.20 Reference

Face-to-face visit −0.09 (−0.58, 0.41) −0.19 (−1.24, 0.87) 0.14 ⊕⊕⊝⊝ Lowc,d

Quality of Life

Video(2D) 0.99 (0.11, 1.88) 0.11 (0.01, 0.21) 0.96 ⊕⊕⊕⊕ High

Extended Reality 0.40 (−0.11, 0.91) 0.04 (−0.01, 0.10) 0.77 ⊕⊝⊝⊝ Very lowb,c,e

Mobile-App 0.13 (−0.21, 0.46) 0.01 (−0.02, 0.05) 0.59 ⊕⊕⊝⊝ Lowc,d

Web-App 0.03 (−0.59, 0.66) 0.00 (−0.06, 0.07) 0.47 ⊕⊕⊝⊝ Lowc,e

Standard care Reference Reference 0.41 Reference

Telemedicine −0.27 (−0.86, 0.32) −0.03 (−0.09, 0.04) 0.19 ⊕⊕⊝⊝ Lowc,d

Face-to-face visit −0.35 (−0.90, 0.19) −0.04 (−0.10, 0.02) 0.11 ⊕⊕⊝⊝ Lowc,d

Satisfaction

Extended Reality 1.27 (0.63, 1.91) 1.91 (0.95, 2.86) 0.90 ⊕⊕⊕⊝ Moderateb

Mobile-App 0.89 (−0.36, 2.14) 1.33 (−0.54, 3.21) 0.76 ⊕⊕⊝⊝ Lowc,d

Face-to-face visit 0.69 (−0.38, 1.76) 1.03 (−0.57, 2.64) 0.63 ⊕⊕⊝⊝ Lowc,d

Web-App 0.47 (−0.30, 1.23) 0.70 (−0.45, 1.84) 0.46 ⊕⊕⊕⊝ Moderatec

Telemedicine 0.25 (−1.02, 1.52) 0.38 (−1.53, 2.28) 0.29 ⊕⊕⊝⊝ Lowc,d

Video(2D) 0.22 (−0.37, 0.81) 0.33 (−0.55, 1.22) 0.33 ⊕⊕⊕⊝ Moderatec

Standard care Reference Reference 0.15 Reference

SMD standardized mean difference, MDmean difference, CI confidence interval.
aMDs should be interpreted with caution because the results are based on the weighted control group SD for a subset of studies in the analysis that used the most commonly reported scale. The common
scales for each outcomeswere as follows: State Anxiety Inventory (20–80) for anxiety, Visual Analog Scale (0–10) for pain, EuroQol Five-Dimensional Utility Score (0–1) for quality of life, andNumeric Rating
Scale (0–10) for satisfaction.
bDowngraded by 1 level due to concerns about heterogeneity of effect estimates across trials.
cDowngraded by 1 level due to concerns about imprecision; the confidence interval suggests the possibility of a null effect or benefit for either intervention.
dDowngraded by 1 level due to concerns about the indirect certainty being derived from other direct comparison evidence, which is of moderate quality.
eDowngraded by 1 level due to concerns about methodological considerations, including a lack of blinding and, in some cases, other sources of bias.
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account local resources, staff training, digital literacy, and patient
preferences.

In this network meta-analysis of 56 RCTs, DHIs—particularly XR,
mobile applications, and video-based interventions—significantly reduced
anxiety and pain and improved quality of life and patient satisfaction
compared with standard care during the perioperative period. Despite
challenges in clinical implementation, these findings highlight the potential
of DHIs to enhance perioperative PROs. Further high-quality RCTs are
warranted to confirm and expand upon these benefits.

Methods
Study design
This studywas conducted in accordancewith the PreferredReporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) Network Meta-
Analysis Checklist (Supplement 1)45. We registered this network meta-
analysis with the International Prospective Register of Systematic Reviews
(PROSPERO, CRD42025632341).

Literature search and study selection
We used a combination ofMedical Subject Headings and free-text terms to
conduct a systematic search in PubMed, Embase, the Cochrane Central
Register of Controlled Trials, andWeb of Science from inception to March
1st, 2025. Details of the search strategies for each database are provided in
Table S1. Additionally, wemanually screened the reference lists of included
studies to identify potentially relevant articles that might be missed during
the initial database search.

This review targeted adults (≥18 years) undergoing elective surgery
under general anesthesia. Eligible trials compared perioperative DHIs and
two conditions that were face-to-face visits and standard care. DHIs were
technologies including extended reality (XR), mobile applications, web-
based platforms, video interventions, and telemedicine (see details in Table
S2). Outcomes of interest were anxiety, pain, quality of life, and patient
satisfaction (Table S3). Only RCTs were included.

Two investigators first independently screened studies by the titles and
abstracts, followedby an assessment of the full texts of thepotentially eligible
articles. Any discrepancies were resolved by thorough examination and
discussion to reach a consensus. Persistent disagreements were referred to a
third senior author for a final decision.

Data extraction
Two investigators independently extracteddata fromeligible articles using a
standardized form.The extracteddata included: thefirst author’sname, year
of publication, country of study, participant characteristics (sample size,
mean ormedian age, and sex distribution [n (%)]), type of surgery, details of
the intervention and control groups, timing of the DHIs, measured out-
comes, assessment instruments, and the timepoints for outcomeevaluation.
Discrepancies between the reviewers were resolved by re-checking and
discussion to ensure accuracy.

Risk of Bias assessment
We evaluated risk of bias for the included RCTs using Cochrane’s risk-of-
bias tool (RoB 2)46, assessingfive domains: (1) randomization process bias,
(2) intervention deviations bias, (3) missing outcome data bias, (4) out-
come measurement bias, and (5) reported results selection bias. Each
domain was rated as “low risk”, “some concerns”, or “high risk”. Overall
bias was rated as “low” if all domains were low risk, as “some concerns” if
no domain was high risk but some were concerns, or as “high” if any
domain was high risk.

Statistical analysis
We calculated standardized mean differences (SMDs) with correspond-
ing 95% confidence intervals (CIs) for all outcomes due to variability in
measurement instruments across studies. A result was considered sta-
tistical significance when the 95% CI excluded zero. To enhance clinical
interpretability, SMDs were converted into mean differences (MDs) on

commonly used scales by multiplying each SMD by the pooled standard
deviation of control groups47. These scales included the State Anxiety
Inventory for anxiety, the Visual Analog Scale for pain, the EuroQol Five-
Dimensional Utility Score for quality of life, and the Numeric Rating
Scale for patient satisfaction. To judge whether the study’s effect was
important for the patients, we used the minimal important difference
(MID) as decision threshold. The MID was defined as 0.5 times the
pooled standard deviation for anxiety, quality of life, and satisfaction48,
and as 1.0 for pain49.

We conducted a frequentist random-effects network meta-analysis
with the graph-theoretical method using the netmeta package in the R
software (version 4.4.2; R Foundation for Statistical Computing, Vienna,
Austria)50.We presented network estimates in forest plots and league tables
and ranked interventions based on P-scores. Transitivity was evaluated by
comparing covariate distributions, including participants’ mean age, sex
distribution, and the timing (e.g., preoperative or postoperative) and type of
DHI. Heterogeneity (inconsistency) across studies was assessed using
Cochran’s Q test and quantified with the I² statistic; a Q-test P < 0.05 was
considered to indicate statistically significant heterogeneity51. Incoherence
between direct and indirect estimates was assessed using the netsplit func-
tion in the netmeta package in R software, with a P < 0.05 suggesting sig-
nificant incoherence52. We assessed publication bias using comparison-
adjusted funnel plots and Egger’s test for asymmetry in direct comparisons
with at least 10 studies53. A P < 0.1 in Egger’s test suggested potential
publication bias.

Two predefined subgroup analyses were stratified by the timing of
outcome assessment (preoperative anxiety vs postoperative anxiety) and the
type of surgery (open vs minimally invasive). Sensitivity analyses were
performed by excluding studies identified as having a high risk of bias.

Certainty of evidence
The Grading of Recommendations, Assessment, Development, and Eva-
luation (GRADE) framework for network meta-analyses was utilized to
evaluate the certainty of evidence for direct, indirect, and network
estimates54. Certainty levels were classified as high, moderate, low, or very
low, with downgrading considerations including risk of bias, heterogeneity,
indirectness, publication bias, intransitivity, incoherence, and
imprecision55,56. We categorized the interventions using the minimally
contextualized framework57. Compared to reference group (i.e., standard
care), interventions were categorized as most effective if the point estimates
exceeded theMID and the 95%CI did not cross theMID, while those with a
point estimate above theMID but a 95%CI that crossed theMID threshold
were categorized as intermediate effective. Interventions with a point esti-
mate not exceeding the MID were categorized as the least effective as they
were not convincingly superior to standard care.

Data availability
All data generated or analyzed during this study are included in this pub-
lished article and its supplementary materials. Further datasets used and
analyzed during the current study are available from the corresponding
author on reasonable request.
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