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Background: Endometriosis is a chronic gynecological disorder characterized by pain and impaired quality of life (QoL). While
pharmacological and surgical options exist, their limitations necessitate complementary strategies. The comparative effectiveness of
non-pharmacological interventions remains uncertain.

Objective: This network meta-analysis (NMA) aimed to evaluate and rank the efficacy of non-pharmacological therapies for pain and
QoL in women with endometriosis.

Methods: We systematically searched PubMed, Embase, CENTRAL, Web of Science, and CNKI from inception to August 31, 2025.
Eligible randomized controlled trials (RCTs) compared structured non-pharmacological interventions—acupuncture (ACU), exercise
(EXE), nutritional supplementation (NUT), physical therapy (PHY), or psychological interventions (PSY)—against conventional care
(CON). Primary outcomes were pain (overall, pelvic, dysmenorrhea) and QoL; the secondary outcome was anxiety.

Results: Thirty-three RCTs involving 2323 women were included. For overall pain, PHY (SMD = —1.44), ACU (SMD = —1.27), and
PSY (SMD = —1.22) were significantly superior to CON, with PHY ranking highest (SUCRA = 74.4%). ACU was most effective for
pelvic pain (SMD = —4.53; SUCRA = 99.1%), while PHY was optimal for dysmenorrhea (SMD = —1.30; SUCRA = 82.3%). Both
ACU (SMD = 4.09) and PHY (SMD = 4.18) significantly improved QoL compared to CON. No statistically significant differences
were observed among interventions for anxiety.

Conclusion: Non-pharmacological interventions, particularly PHY and ACU, provide significant benefits for pain and QoL in
endometriosis, with subtype-specific advantages. These findings support their integration into multimodal management pathways.
Keywords: endometriosis, non-pharmacological interventions, pain management, quality of life, network meta-analysis, randomized
controlled trials

Introduction

Endometriosis is a chronic, estrogen-dependent gynecological disorder characterized by the presence of endometrial-like
tissue outside the uterine cavity, most commonly on the pelvic peritoneum, ovaries, and rectovaginal septum.’ It affects
approximately 10% of women of reproductive age worldwide, and the prevalence is rising as diagnostic awareness and
access to medical imaging improve. By 2030, it is projected that more than 200 million women globally will be affected.”

The most debilitating manifestations of endometriosis are pain-related symptoms, including chronic pelvic pain,
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dysmenorrhea, and dyspareunia, which often begin early in reproductive life and persist for decades. Pain not only
impairs physical functioning but also disrupts psychological well-being and social relationships, leading to substantial
reductions in health-related quality of life (QoL).” Many women also report concomitant anxiety and depressive
symptoms, which amplify the negative burden of pain and reduce adherence to treatment. Together, these sequelae
place endometriosis among the leading causes of gynecological morbidity and generate significant social and economic
costs. Addressing pain and improving QoL are therefore central goals of endometriosis management, underscoring the
importance of effective, safe, and sustainable treatment strategies.

The current therapeutic armamentarium for endometriosis includes surgical excision or ablation of ectopic lesions,
hormonal therapy such as gonadotropin-releasing hormone (GnRH) analogues or combined oral contraceptives, and
analgesics including non-steroidal anti-inflammatory drugs (NSAIDs).* While these interventions can relieve symptoms
and delay recurrence, they are associated with considerable limitations. Hormonal agents may cause hypoestrogenic side
effects, bone mineral density loss, mood disturbances, and long-term drug dependence.* Surgery carries risks of
complications, recurrence rates approaching 40% within five years, and potential negative effects on fertility.’
Analgesics often provide only transient symptom relief and are linked to gastrointestinal and renal adverse events with
chronic use.® These shortcomings highlight the need for complementary or alternative strategies. In recent years, non-
pharmacological interventions have gained attention as viable approaches for symptom relief. Such strategies, which
include acupuncture and moxibustion, structured exercise programs, nutritional supplementation, physical therapy
modalities, and psychological interventions, are valued for their safety profile, patient acceptability, and potential to
address both physical and psychological dimensions of the disease.’

Accumulating randomized controlled trials (RCTs) have provided preliminary evidence that non-pharmacological
therapies can attenuate pain and enhance QoL in women with endometriosis. For instance, acupuncture has been reported
to reduce dysmenorrhea and pelvic pain through neuromodulatory and anti-inflammatory mechanisms.® Exercise inter-
ventions have demonstrated benefits in improving pain perception and mitigating fatigue, while dietary modifications and
supplementation with specific nutrients have shown promise in regulating inflammatory pathways.” Physical therapy,
including manual techniques and pelvic floor rehabilitation, may relieve musculoskeletal contributions to pelvic pain, and
psychological interventions such as cognitive-behavioral therapy or mindfulness-based stress reduction can alleviate
anxiety and improve coping strategies.'® However, despite these promising findings, the evidence remains fragmented.
Previous pairwise meta-analyses have synthesized data on single modalities, often with inconsistent conclusions, small
sample sizes, and high heterogeneity.'" Furthermore, direct head-to-head comparisons between different non-pharmaco-
logical interventions are scarce, making it unclear which strategies offer the greatest overall benefits in terms of pain
reduction, QoL improvement, and anxiety relief. As a result, clinicians and patients lack evidence-based guidance to
prioritize among the diverse therapeutic options available.

Against this background, network meta-analysis (NMA) offers a rigorous methodological framework that enables the
integration of both direct and indirect evidence to compare multiple interventions simultaneously. By ranking the relative
effectiveness of different non-pharmacological strategies, NMA allows for a more comprehensive understanding of their
comparative benefits.'> The objective of this study was to apply NMA to evaluate the effectiveness of acupuncture,
exercise, nutritional supplementation, physical therapy, and psychological interventions for women with endometriosis.
The findings aim to generate a robust evidence base that can guide clinical decision-making, inform patient-centered
care, and support the integration of non-pharmacological therapies into comprehensive management pathways for
endometriosis.

Methods

PROSPERO has registered the protocol (CRD420251166535). This systematic review and network meta-analysis was
conducted and reported in accordance with the 2020 Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines and the PRISMA extension for network meta-analyses.'*> The completed PRISMA
checklist is provided in Supplementary 1. Because this study involved secondary analysis of published data, institutional
review board approval and informed consent were not required.
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Data Sources and Search Strategy

A comprehensive search was performed in PubMed, Embase, the Cochrane Central Register of Controlled Trials
(CENTRAL), Web of Science, and the China National Knowledge Infrastructure (CNKI) from inception to August 31,
2025. The search strategy combined controlled vocabulary (eg, MeSH and Emtree terms) and free-text words related to
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endometriosis, non-pharmacological interventions (eg, “physical activity”, “exercise”, “acupuncture”, “moxibustion”,
“physical therapy”, “psychological”, “mindfulness”, “nutrition”), and randomized controlled trials. Detailed search
algorithms for each database are provided in Supplementary 2. Reference lists of included studies and recent systematic

reviews were hand-searched to ensure completeness.

Eligibility Criteria

Eligible studies were required to meet the following criteria: (a) participants were women with a clinical or surgical
diagnosis of endometriosis, regardless of stage, symptom severity, or prior treatment; (b) interventions consisted of
structured non-pharmacological therapies, including but not limited to acupuncture or moxibustion, exercise programs,
nutritional supplements, physical therapy modalities, and psychological or behavioral therapies; (c) comparators included
usual care, conventional pharmacological treatment, sham interventions, or an alternative non-pharmacological strategy;
(d) outcomes reported at least one of the prespecified endpoints of interest, namely pain symptoms, health-related quality
of life, or psychological well-being; and (e) study design was restricted to randomized controlled trials, including
crossover RCTs. Exclusion criteria were as follows: (a) studies combining non-pharmacological interventions with
pharmacological or surgical therapies without separable data, (b) non-randomized or observational designs, (c) case
reports, reviews, protocols, conference abstracts, or animal and in vitro studies, (d) trials with insufficient outcome data
(eg, missing mean and standard deviation or dichotomous counts) unless adequate information could be obtained from
study authors after at least four attempts over a six-week period, and (e) duplicate publications of the same trial, in which
case the most complete dataset was retained. Two reviewers independently screened all titles, abstracts, and full texts,
with discrepancies resolved through discussion or adjudication by a third reviewer.

Data Extraction

Eligible studies were managed in EndNote X9 to remove duplicates. Two reviewers independently extracted study
characteristics (author, year, country), participant demographics (age, sample size, body mass index), details of inter-
ventions and comparators (type, dose, frequency, duration), and reported outcomes (mean + SD, sample size per arm, or
dichotomous events). For continuous outcomes reported without variance measures, standard deviations were imputed
using methods recommended in the Cochrane Handbook. Change scores were calculated as post-treatment minus
baseline values, with standard deviations estimated using a correlation coefficient (R = 0.5) when not reported. All
extracted data were cross-checked by a senior investigator.

Risk of Bias Assessment

Two reviewers independently assessed the risk of bias for each trial using the revised Cochrane Risk of Bias tool for
randomized trials (RoB 2). The following domains were evaluated: randomization process, deviations from intended
interventions, missing outcome data, measurement of outcomes, and selective reporting.'* Each domain was judged as
low risk, some concerns, or high risk. Consensus was achieved through discussion, with arbitration by a third reviewer
when necessary.

Intervention Coding
Interventions were categorized into five groups: acupuncture/moxibustion (ACU), exercise interventions (EXE), nutri-
tional supplements (NUT), physical therapy (PHY), and psychological interventions (PSY). Usual care or conventional
pharmacological therapy was coded as conventional care (CON).

The included interventions within each category encompassed a range of specific modalities. Specifically, PHY
included pelvic floor rehabilitation (eg, Thiele massage), energy-based laser therapy, and neuromuscular electrical
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stimulation; ACU included manual acupuncture, electroacupuncture, moxibustion, and auricular acupressure; PSY
included cognitive-behavioral therapy, mindfulness-based stress reduction, and acceptance and commitment therapy;
NUT included vitamin D, omega-3 fatty acids, and combined vitamin C/E supplements, among others. The comparator,
coded as conventional care (CON), consisted of standard medical management for endometriosis, typically involving
symptomatic pharmacotherapy (eg, NSAIDs, hormonal treatments), routine clinical follow-up, and no additional

structured non-pharmacological interventions.

Outcomes
The primary outcomes were pain symptoms and health-related quality of life. Pain outcomes included pelvic pain,
dysmenorrhea, and dyspareunia, measured using validated scales such as the Visual Analog Scale (VAS), the Numerical
Rating Scale (NRS), or the McGill Pain Questionnaire. Quality of life outcomes were assessed using generic instruments
(eg, SF-36, EQ-5D) or disease-specific measures (eg, Endometriosis Health Profile-30).

The secondary outcome was anxiety, measured by validated tools such as the Hospital Anxiety and Depression Scale
(HADS), the Beck Anxiety Inventory (BAI), or the State-Trait Anxiety Inventory (STAI).

Statistical Analysis

All analyses were performed in Stata version 17.0 (StataCorp, College Station, TX). A frequentist random-effects
network meta-analysis was conducted using the “network” and “mvmeta” packages to estimate pooled effect sizes
across interventions. Standardized mean differences (SMDs) with 95% confidence intervals (Cls) were calculated for
continuous outcomes. Negative SMD values indicated beneficial effects for pain and psychological symptoms, while
positive SMD values indicated beneficial effects for quality of life.

Statistical heterogeneity was assessed using the I? statistic, with thresholds of 25%, 50%, and 75% representing low,
moderate, and high heterogeneity, respectively. Prediction intervals were calculated to quantify the expected range of
effects in future studies. Inconsistency between direct and indirect evidence was examined using design-by-treatment
interaction models and node-splitting approaches.

Treatments were ranked according to their relative effectiveness using surface under the cumulative ranking
(SUCRA) probabilities, where higher SUCRA values indicate greater likelihood of being among the most effective
interventions. Small-study effects and publication bias were explored using comparison-adjusted funnel plots and Egger’s
regression test, with p < 0.05 indicating potential bias.'> All statistical tests were two-sided, and p values less than 0.05
were considered statistically significant.

Results

Characteristics of Included Studies

A total of 3327 records were identified through the initial electronic searches. After removal of 1816 duplicates, 1511
articles underwent title and abstract screening. Of these, 1398 were excluded, leaving 113 full-text articles assessed for
eligibility. Ultimately, 33 RCTs comprising 2323 patients with endometriosis were included in the systematic review and
network meta-analysis (Figure 1).'¢#

The included trials were published between 2007 and 2025, with a median publication year of 2019. Sample sizes
ranged from 18 to 200 participants, with a median of 64. The mean age of participants ranged from 17.8 to 37.6 years,
with a median of 32.3 years.

With respect to interventions, 14 trials evaluated ACU, 2 evaluated EXE, 6 assessed NUT, 5 tested PHY, and 7
investigated PSY. Thirty-two trials included CON as the comparator. Detailed study characteristics are provided in

Supplementary 3.
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Figure | PRISMA flow diagram of study selection.

Results of Network Meta-Analysis

Pain

For pain, 21 RCTs including 1646 patients were analyzed. The network plot of direct comparisons and sample size
distribution is shown in Figure 2a. According to SUCRA ranking (Figure 3a), the three most effective interventions for
reducing pain were PHY (74.4%), ACU (69.8%), and PSY (65.7%), whereas CON ranked lowest (3.6%). As shown in
Table 1, compared with CON, PHY (SMD =-1.44; 95% CI, —2.80 to —0.09), ACU (SMD =-1.27; 95% CI, —1.82 to —0.72),
and PSY (SMD =-1.22; 95% CI, —2.11 to —0.32) significantly reduced pain scores.

Pelvic Pain

For pelvic pain, 11 RCTs with 689 patients were included. The network plot is shown in Figure 2b. Based on SUCRA
values (Figure 3b), the top three interventions were ACU (99.1%), NUT (51.9%), and PHY (49.3%), with CON ranking
lowest (11.8%). As summarized in Table 1, ACU significantly reduced pelvic pain compared with CON (SMD = —4.53;
95% CI, —6.85 to —2.22), PSY (SMD = -3.85; 95% CI, —6.67 to —1.04), PHY (SMD = -3.43; 95% CI, —6.69 to —0.18),
and NUT (SMD = -3.43; 95% CI, —6.25 to —0.62).

Dysmenorrhea

For dysmenorrhea, 13 RCTs with 774 patients were analyzed. The network structure is illustrated in Figure 2c. SUCRA
ranking (Figure 3c) indicated that PHY (82.3%), ACU (56.1%), and NUT (56.0%) were the three most effective
interventions, whereas CON ranked lowest (12.1%). As shown in Table 1, PHY significantly reduced dysmenorrhea
compared with CON (SMD = -1.30; 95% CI, —2.48 to —0.11).

QoL
For QoL, 11 RCTs involving 770 patients were included. The network plot is presented in Figure 2d. According to

SUCRA ranking (Figure 3d), the three most effective interventions were ACU (85.5%), PHY (85.3%), and PSY (35.4%),
with CON ranking lowest (17.7%). As detailed in Table 1, ACU (SMD = 4.09; 95% CI, 1.72 to 6.46) and PHY (SMD =
4.18; 95% CI, 0.78 to 7.59) significantly improved QoL compared with CON.
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Figure 2 Network geometry of direct comparisons among non-pharmacological interventions for endometriosis. (@) Pain. (b) Pelvic pain. (c) Dysmenorrhea. (d) QoL. (e) Anxiety.

a Pain b Pelvic pain ¢ Dysmenorrhea
ACU CON EXE ACU CON NUT ACU CON NUT
- - ] 5 - - - a ﬂ
1 60.8% 36% 41.4% 99.1% 1 11.8% 12.1% |
" - < " - - " - <
3 8 51.9% 8 56.1% | 56.0%
3 3 3 |
8 o ° o 8 o ° ° 8o o o
8 2 " 8
g 725 isE Tz34isé i:sase pofzos 45 %z 3 4 5 12 3 4 5 g Tz s &5 iros a5 iz o3 4 s
g NUT PHY PSY g PHY PSY “2) PHY PSY
- > =) ok = = =
H ] 3
) = @ E= @ E= @
5 5 5
O« © © 4 O e © O« © il
45.1% 74.4% 65.7% 37.9% 82.3%
< < <4 < < < <
49.3%
~ o~ ~d ~ ~ ~ N
1.2 3 4 5 6 1.2 3 4 5 6 1.2 3 4 5 6 1 4 3 4 5 1 2 3 4 5 1 2 3 4 5 1 e 3 4 5
Rank Rank Rank
Graphs by Treatment Graphs by Treatment Graphs by Treatment
d QoL e Anxiety
ACU CON NUT ACU CON EXE
o < wl o o <
© @ <l © © P
85.5% 17.7% 25.8% 75.1% 20.7% 325%
- - < - - -
2 2
£ ~ o Lo ~ o
3 H
8 o - o 8 o - -
2 32
g 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 g 1.2 3 4 5 6 1.2 3 4 5 6 1.2 3 4 5 6
14 PHY PSY 2 NUT PHY PSY
8- - s - - -
- | 3
) « 2w o @
5 5
O e © O e © ©
85.3% 35.4% 28.3% 81.7% 61.7%
° ° ° ° °
T2 5 4 5 1z 3 4 5 T2 3 456 125 456 1335 45 6
Rank Rank
Graphs by Treatment Graphs by Treatment

Figure 3 SUCRA rankings of non-pharmacological interventions for endometriosis. (a) Pain. (b) Pelvic pain. (c) Dysmenorrhea. (d) QoL. (e) Anxiety.

Anxiety
For anxiety, 11 RCTs with 864 patients were analyzed. The network structure is shown in Figure 2e. Based on SUCRA
values (Figure 3e), PHY (81.7%), ACU (75.1%), and PSY (61.7%) ranked highest, while CON ranked lowest (20.7%).

However, as indicated in Table 1, no statistically significant differences were observed among the intervention groups.
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Table | League Table of Outcomes in Participants

A. Pain

PHY

—0.17 (-1.64,1.29) ACU

—0.23 (—1.85,1.40) —0.05 (—1.03,0.93) PSY

—0.61 (-2.25,1.03) —0.43 (—1.50,0.63) —0.38 (—1.66,0.90) NUT

—0.67 (-2.52,1.18) —0.50 (-1.87,0.87) —0.44 (-1.99,1.10) —0.06 (—1.61,1.49) EXE

—1.44 (-2.80,-0.09) —-1.27 (-1.82,-0.72) -1.22 (-2.11,-0.32) —0.83 (—1.75,0.08) —0.77 (-2.03,0.48) CON
B. Pelvic pain

ACU

—3.43 (—6.25,-0.62) NUT

—3.43 (—6.69,-0.18) —0.00 (—2.80,2.80) PHY

—3.85 (—6.67,-1.04) —0.42 (-2.69,1.86) —0.42 (-3.21,2.38) PSY

—4.53 (—6.85,-2.22) —-1.10 (-=2.71,0.51) —1.10 (-3.38,1.19) —0.68 (—2.28,0.93) CON
C. Dysmenorrhea

PHY

—0.58 (—2.13,0.98) ACU

—0.59 (—2.08,0.90) —0.01 (-1.37,1.34) NUT

—0.81 (—3.14,1.52) —0.23 (—2.48,2.01) —0.22 (—2.42,1.98) PSY

—1.30 (-2.48,-0.11) —0.72 (-1.73,0.29) —0.71 (-1.61,0.20) —0.49 (-2.49,1.52) CON
D. QoL

ACU

—0.10 (—4.24,4.05) PHY

3.36 (0.20,6.51) 3.45 (-0.55,7.45) PSY

3.90 (-0.16,7.97) 4.00 (—0.75,8.75) 0.55 (—3.37,4.47) NUT

4.09 (1.72,6.46) 4.18 (0.78,7.59) 0.73 (—1.36,2.83) 0.19 (-3.13,3.50) CON
E. Anxiety

PHY

—0.25 (—2.26,1.76) ACU

—0.63 (—2.40,1.14) —0.38 (—1.77,1.01) PSY

—1.40 (—4.07,1.27) =115 (-=3.71,1.41) —0.77 (-3.15,1.61) EXE

—1.46 (—3.62,0.69) —1.21 (-3.22,0.80) —0.83 (-2.61,0.94) —0.06 (—2.74,2.61) NUT

—1.49 (-3.01,0.03) —1.24 (-2.56,0.07) —0.86 (—1.77,0.04) —0.09 (—2.29,2.10) —0.03 (—1.56,1.50) CON

Notes: Values in bold indicate statistically significant differences between interventions, with 95% confidence intervals (Cl) not including 0 (P < 0.05). All data are presented
as standardized mean difference (SMD) and 95% Cl, where a negative SMD indicates greater pain reduction with the row intervention compared to the column intervention.

Risk of Bias and Publication Bias

Of the 33 RCTs, 20 were judged to be at low overall risk of bias, while 13 were judged to raise some concerns. With

respect to individual domains, the risk of bias was low in 30 trials and of some concern in 3 trials for the randomization

process; low in 26 trials and of some concern in 7 trials for deviations from intended interventions; low in 22 trials and of

some concern in 11 trials for missing outcome data; low in all 33 trials for outcome measurement; and low in all 33 trials

for selective outcome reporting (Supplementary 4).

Potential publication bias was assessed using funnel plots (Supplementary 5). Scatter plots showed varying degrees of

asymmetry, suggesting possible publication bias. Specifically, funnel plots S5A through S5E revealed some asymmetry.

However, Egger’s test indicated that all outcomes had p values greater than 0.05, suggesting no strong evidence of

publication bias in the overall analyses.
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Discussion

This network meta-analysis synthesized evidence from 33 randomized controlled trials involving 2323 women with
endometriosis to evaluate the comparative effectiveness of non-pharmacological interventions on pain and health-related
quality of life. Three principal findings emerged. First, PHY, ACU, and PSY significantly alleviated overall pain, with
PHY demonstrating the greatest effect and ranking highest among all interventions, while ACU and PSY also showed
consistent benefits, underscoring the superiority of multiple non-pharmacological therapies over conventional care in
pain control. Second, intervention-specific advantages were observed in pain subtypes: ACU was most effective for
pelvic pain, significantly outperforming CON, PSY, PHY, and NUT, whereas PHY ranked highest for dysmenorrhea and
achieved significant reductions compared with CON, highlighting the targeted benefits of different modalities for distinct
pain dimensions. Third, ACU and PHY significantly improved quality of life compared with CON, confirming their role
in promoting broader physical and psychosocial recovery, whereas no significant differences were detected among
interventions for anxiety despite favorable rankings for PHY, ACU, and PSY, indicating insufficient evidence for
definitive conclusions regarding mental health outcomes. Collectively, these findings suggest that non-pharmacological
interventions, particularly PHY and ACU, represent effective strategies for alleviating pain and enhancing quality of life
in women with endometriosis, thereby offering valuable complementary options to conventional therapies.

Addressing overall pain is clinically pivotal in endometriosis because it aggregates nociceptive, neuropathic, and
centralized components into a single patient-important endpoint that guides treatment selection and longitudinal
monitoring. In this network meta-analysis, three non-pharmacological modalities were associated with meaningful
reductions in overall pain, with PHY achieving the most favorable ranking, followed by ACU and PSY. This pattern
refines the evidence base by positioning therapist-delivered physical therapy as the leading option for global pain relief
while confirming consistent benefit for acupuncture and psychologically informed care. These findings are broadly
aligned with prior randomized trials and pairwise syntheses that reported pain attenuation with acupuncture and with
pelvic floor—focused rehabilitation, and small to moderate benefits from cognitive-behavioral and mindfulness-based
programs in chronic pelvic pain populations.”*** Our results extend this literature by comparing modalities within a
single analytical framework, which clarifies their relative performance when direct head-to-head evidence is scarce.
Notably, the superiority of PHY over usual care and its lead over other non-pharmacological options on the overall pain
construct has not been consistently demonstrated in earlier pairwise analyses, likely because such designs could not
leverage indirect comparisons across diverse interventions.>”

The apparent advantage of PHY is biologically and mechanistically plausible, particularly given the diversity of
approaches encompassed within this category. Pelvic floor physiotherapy incorporating Thiele massage targets hyper-
tonic musculature and myofascial trigger points, thereby reducing peripheral nociceptive input and improving pelvic floor
coordination.”” Hydrothermal and manual regimens, such as HAMMAM baths combined with Swedish or Kessa
massage, likely enhance muscle relaxation, circulation, and autonomic balance, which collectively modulate pain
sensitivity.'® Energy-based modalities, including pulsed Nd: YAG laser therapy and external high-frequency hyperther-
mia, act through photothermal and biothermal mechanisms to downregulate prostaglandin synthesis, attenuate neurogenic
inflammation, and facilitate tissue repair.'’ Neuromuscular electrical stimulation may mediate somatic and visceral pain
modulation through dual mechanisms: improved neuromuscular activation and the engagement of endogenous opioid and
serotonergic pathways.** Together, these multimodal components simultaneously target musculoskeletal dysfunction,
neuroimmune signaling, and central sensitization, providing a plausible rationale for PHY’s superior ranking in overall
pain relief. By contrast, the analgesic effects of ACU are mediated primarily through activation of endogenous
opioidergic and monoaminergic systems, modulation of spinal and supraspinal gating, and suppression of inflammatory
mediators, consistent with its robust but slightly less dominant performance.’' PSY interventions, including cognitive-
behavioral therapy and mindfulness-based stress reduction, improve coping capacity by reducing catastrophizing,
enhancing self-efficacy, and modulating the affective and cognitive dimensions of pain, thereby addressing the psycho-
social amplification of symptoms.>® Collectively, the convergence of these mechanistic pathways explains the observed
hierarchy, with the multimodal and contact-intensive nature of PHY conferring broad musculoskeletal and neuroplastic
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benefits, while ACU and PSY provide complementary contributions through neuroimmune and cognitive-affective
modulation.

Endometriosis pain is phenotypically heterogeneous, encompassing cyclic dysmenorrhea driven by uterine activity
and prostaglandin excess, and noncyclic pelvic pain that often reflects deep infiltrating disease, adhesions, myofascial
dysfunction, neuropathic features, and central sensitization.'" Within this context, the present analysis indicates a
differential pattern of benefit: ACU shows a distinct advantage for pelvic pain, whereas PHY performs best for
dysmenorrhea. This hierarchy refines prior evidence that tended to aggregate pain outcomes and thereby obscured
phenotype-specific effects, and it offers a pragmatic basis for tailoring treatment to the dominant pain presentation. The
observed superiority of ACU for pelvic pain is congruent with trials in chronic pelvic pain populations and is biologically
plausible.* Pelvic pain in endometriosis frequently involves segmental convergence of visceral and somatic afferents,
neurogenic inflammation, and sustained spinal and supraspinal facilitation. Acupuncture plausibly engages descending
inhibitory pathways, augments endogenous opioidergic and monoaminergic signaling, modulates glial activity, and
attenuates local inflammatory mediators, which together reduce central gain and visceral hypersensitivity.”® The
distribution of deep lesions and the prominence of referred and neuropathic descriptors in pelvic pain may therefore
render it particularly responsive to neuromodulatory approaches that act across spinal and supraspinal levels rather than
solely at the musculoskeletal interface.”* By contrast, dysmenorrhea is characteristically cyclical and is mediated by
prostaglandin-induced uterine hypercontractility, transient uterine ischemia, and nociceptor sensitization.”> The compo-
nents encompassed within PHY, including pelvic floor retraining, manual myofascial release, neuromuscular stimulation,
and selected energy or hydrothermal modalities, are well positioned to interrupt these mechanisms. They can decrease
pelvic floor hypertonicity and guarding, improve lumbopelvic coordination, enhance local perfusion, and downregulate
neurogenic inflammatory signaling, thereby reducing cramping intensity and the amplification of nociceptive input
during menses.’® This mechanistic profile aligns with the preferential benefit of PHY for dysmenorrhea observed in
the network analysis. These phenotype-specific effects reconcile inconsistencies across earlier single-modality reviews by
showing that modalities differ not only in overall analgesic potency but also in their mechanistic match to pain subtype.
For patients with predominant noncyclic pelvic pain, ACU may offer the greatest likelihood of relief through central and
neuroimmune modulation, whereas for those with menses-centered cramping, PHY appears optimally suited to normalize
uterine—pelvic floor dynamics and attenuate prostaglandin-related hyperalgesia.

Beyond the reduction of pain, improving health-related QoL is a central therapeutic goal in endometriosis, as the
disorder profoundly disrupts physical functioning, social participation, and emotional well-being. In this network meta-
analysis, ACU and PHY emerged as the most effective modalities for enhancing QoL, significantly outperforming
conventional care. This finding underscores the importance of non-pharmacological interventions not only in symptom
relief but also in restoring broader aspects of patient health and daily functioning. Our results are in line with previous
reports showing that acupuncture can improve well-being and role functioning in women with dysmenorrhea or chronic
pelvic pain, and that physiotherapy-based approaches—particularly those targeting pelvic floor dysfunction and muscu-
loskeletal imbalances—can alleviate functional limitations and improve life quality.’”->® However, earlier evidence was
fragmented, often limited to single interventions or small samples, and failed to establish a comparative ranking of
modalities. By integrating direct and indirect comparisons, the present analysis provides more robust evidence that ACU
and PHY confer the greatest overall benefit for QoL. ACU may modulate neuroendocrine function, reduce systemic and
local inflammation, and enhance autonomic balance, thereby improving both pain control and vitality.® PHY, through a
multimodal approach that combines pelvic floor retraining, manual release, neuromuscular stimulation, and adjunctive
thermal or energy-based therapies, can improve musculoskeletal coordination, circulation, and central pain modulation,
leading to reductions in fatigue and disability. Together, these physiological and functional benefits extend beyond pain
relief to produce meaningful gains in overall quality of life. In addition to QoL, this analysis also considered anxiety, an
outcome of high relevance given the bidirectional relationship between chronic pain and psychological distress. Although
PHY (SUCRA = 81.7%), ACU (75.1%), and PSY (61.7%) ranked highest, none achieved statistically significant
superiority over comparators. This discrepancy may be attributed to several factors: limited trial numbers, short
intervention durations insufficient to alter entrenched affective symptoms, heterogeneity in anxiety measurement tools,
and the complex biopsychosocial determinants of anxiety that extend beyond pain reduction. Consequently, while the
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trend toward benefit is encouraging, more rigorously designed and adequately powered studies are required to clarify the
role of non-pharmacological therapies in addressing psychological comorbidities in endometriosis.

Building on these findings, clinicians can consider a phenotype-informed approach to selecting non-pharmacological
therapies for endometriosis, guided by the relative rankings (SUCRA): For chronic pelvic pain, acupuncture (ACU)
demonstrated the highest relative effectiveness (ranked first; SUCRA 99.1%). For dysmenorrhea, physical therapy (PHY)
ranked highest, followed by acupuncture (ACU). For overall pain management, both physical therapy (PHY) and
acupuncture (ACU) were superior to conventional care, with PHY having a slight edge in ranking. These interventions
can be prioritized based on the patient’s predominant pain complaint. Psychological interventions (PSY) also showed
consistent benefits for pain reduction and can be integrated to address the psychosocial dimensions of chronic pain. The
current evidence base suggests that nutritional supplementation (NUT) and structured exercise (EXE) may play a more
supportive role, particularly for managing comorbid symptoms such as fatigue or mood disturbance, alongside first-line
therapies.

The practical value and clinical significance of this study lie in its ability to guide patient-centered and evidence-
informed care in endometriosis. By establishing a comparative hierarchy of non-pharmacological interventions, this
analysis provides clinicians with concrete evidence that PHY and ACU are most effective for global pain and QoL
outcomes, while also highlighting the phenotype-specific advantages of ACU for pelvic pain and PHY for dysmenorrhea.
These findings can inform individualized treatment strategies, allowing physicians to select interventions aligned with
each patient’s predominant symptom profile, tolerance, and treatment goals. Importantly, such non-pharmacological
modalities can be integrated into multimodal care pathways, reducing reliance on long-term pharmacotherapy or repeated
surgery, both of which are associated with side effects, recurrence, and diminished quality of life. The results also
underscore the relevance of embedding physical therapy and acupuncture into standard gynecological practice and health
policy frameworks, particularly in contexts where access to pharmacological or surgical care may be limited. In this way,
the study supports a paradigm shift toward broader adoption of complementary and integrative medicine strategies as
core components of comprehensive endometriosis management.

This study also has several strengths and limitations that merit consideration. One strength is the comprehensive
scope of evidence synthesis: by including 33 randomized trials and applying a frequentist network meta-analysis
framework, this study integrated both direct and indirect comparisons to generate a coherent ranking of multiple non-
pharmacological modalities. A second strength is the differentiation of outcomes by pain subtype (global pain, pelvic
pain, dysmenorrhea), QoL, and anxiety, which allowed for the identification of phenotype-specific intervention effects
and refined clinical applicability.

Nevertheless, several limitations must be acknowledged. First, although 33 RCTs were included, the sample size of
individual trials was often modest, and some interventions (such as EXE and NUT) were represented by only a few
studies, reducing statistical power and precision for those nodes. Second, the analysis was conducted at the level of broad
intervention categories. While this approach allowed for a comprehensive comparison across major non-pharmacological
strategies, it necessarily combines diverse sub-modalities (eg, pelvic floor therapy and laser therapy within PHY; manual
acupuncture and electroacupuncture within ACU). This clinical heterogeneity may obscure the differential efficacy of
specific therapeutic techniques. Future trials directly comparing standardized protocols within these categories are
warranted to refine evidence-based clinical recommendations. Third, the unusually large effect sizes for select pain
outcomes—most notably acupuncture for pelvic pain (SMD = —4.53; 95% CI, —6.85 to —2.22)—require cautious
interpretation. These estimates may be inflated by heterogeneity in pain measurement scales (eg, Visual Analog Scale
[VAS], Numerical Rating Scale [NRS], McGill Pain Questionnaire) with differing scoring criteria and sensitivity, as well
as potential selective reporting of positive results in small-scale trials. While funnel plot and Egger’s test (all p > 0.05)
showed no strong statistical evidence of publication bias, this risk cannot be fully excluded. Fourth, the assessment of
anxiety was constrained by heterogeneous measurement tools, short follow-up durations, and underreporting in several
trials, which may explain the lack of statistically significant findings despite favorable SUCRA rankings. Fifth, the
robustness of our findings varies by outcome and intervention. The conclusions for ACU on pelvic pain and for PHY on
overall pain and dysmenorrhea are based on a relatively larger body of evidence, though still limited by the sample sizes
and heterogeneity noted above. In contrast, findings for EXE, NUT, and all interventions on anxiety are based on fewer
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and often smaller trials, leading to less precise estimates and greater uncertainty. These limitations indicate that while the
present study provides important comparative insights, further large-scale, rigorously designed RCTs with standardized
intervention protocols and longer follow-up are needed to confirm and extend these conclusions.

Conclusion

This network meta-analysis demonstrates that non-pharmacological interventions provide clinically meaningful benefits
for women with endometriosis. PHY, ACU, and PSY significantly reduced overall pain, with PHY showing the greatest
effect. Subtype-specific analyses revealed that ACU was most effective for pelvic pain, whereas PHY was superior for
dysmenorrhea, highlighting the importance of phenotype-tailored treatment. In addition, both ACU and PHY signifi-
cantly improved quality of life, confirming their broader value beyond symptom relief, while evidence for anxiety
reduction remained inconclusive. These findings support the integration of PHY and ACU into multimodal care pathways
as effective complementary options to conventional therapy.
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