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Background: Post-stroke constipation (PSC) is a common complication among 
stroke patients, with a positive correlation to stroke severity. Straining during 
defecation in constipated patients can increase intracranial pressure, posing 
a high risk for secondary strokes, negatively impacting prognosis, disease 
progression, and contributing to the development of depression and anxiety. 
Non-pharmacological interventions (NPIs), including traditional Chinese 
medicine (TCM) and rehabilitation approaches, have been explored due to 
challenges in advancing Western medical treatments. However, the optimal 
treatment remains unclear, necessitating guidance for clinical practice. This 
research employs Bayesian network meta-analysis (NMA) to identify the most 
effective NPIs for improving clinical outcomes and alleviating constipation in 
post-stroke patients.
Methods: We conducted a NMA of randomized controlled trials to evaluate 
the relative efficacy of eight NPIs for PSC: acupuncture therapy (AT), acupoint 
catgut embedding (ACE), auricular therapy (ART), moxibustion (MT), abdominal 
massage (AM), point application (PA), physiotherapy (PT), and cognitive 
behavioral therapy (CBT). The primary outcome was the clinical effective rate 
(CER), and the secondary outcome was the Constipation Scoring System 
(CCS). To establish a comparative hierarchy of interventions, surface under the 
cumulative ranking curve (SUCRA) values were calculated, representing the 
probability of relative efficacy across treatments.
Results: A comprehensive literature review identified 53 clinical studies with 
5,813 participants to evaluate the relative efficacy of eight NPIs. ACE ranked 
highest for both CER and CCS (SUCRA = 94.7, 97.8%), followed by PT (88.4, 
81.7%). In contrast, ART and AM ranked lower, indicating relatively less efficacy 
compared with other interventions.
Conclusion: Acupoint catgut-embedding (ACE) may represent a potentially 
superior non-pharmacological intervention for improving clinical outcomes 
and reducing constipation severity in post-stroke patients. Physiotherapy (PT) 
also demonstrated favorable efficacy, ranking second in both clinical outcomes. 
However, further high-quality, multicenter clinical trials are needed to validate 
and refine these findings.
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Introduction

Post-stroke constipation (PSC) emerges subsequent to an acute 
cerebrovascular incident, featuring challenges in defecation and dry 
stools reminiscent of chestnuts. A pervasive complication post-stroke, 
it manifests universally across stroke types and stages, with an 
incidence ranging from 30 to 60% (1, 2). Stroke disrupts middle brain 
nerve conduction, hampering the defecation reflex. Dehydrating 
agents in initial treatment contribute to dry stools, while prolonged 
immobility and compromised limb movement decelerate peristalsis. 
Inadequate dietary fiber intake exacerbates constipation in stroke 
patients. Conversely, constipated individuals often employ breath-
holding, heightening intracranial pressure a high-risk factor for stroke 
occurrence and potential craniocerebral injury (3). Moreover, 
prolonged fecal retention facilitates toxin entry into the bloodstream, 
diminishing nervous system function and impeding neurological 
recovery in stroke patients (4). This detrimental interplay significantly 
obstructs stroke rehabilitation, negatively affecting patients’ quality of 
life and intensifying depression and anxiety. Addressing constipation 
becomes integral to stroke treatment, emphasizing prevention and 
symptom alleviation.

In Western medicine, pharmacological interventions (PI) 
dominate constipation resolution (5, 6). However, these interventions 
carry numerous adverse effects and are prone to drug resistance. This 
not only increases patient discomfort but may also protract the disease 
course. A multinational study by Wald et al. (7), involving over 13,879 
questionnaires, revealed persistent constipation in 20–40% of patients 
despite extensive laxative use. Recognizing the limitations of Western 
medicine, non-pharmacological interventions (NPIs), such as 
traditional Chinese medicine (TCM) and rehabilitation interventions, 
offer more promising avenues. This study comprehensively summarizes 
the advantages of NPIs for PSC, including acupuncture therapy (AT), 
acupoint catgut-embedding (ACE), auricular therapy (ART), 
moxibustion (MT), abdominal massage (AM), point-application (PA), 
physiotherapy (PT), and cognitive behavioral training (CBT). While 
advantages vary among these interventions, the absence of guidelines 
ranking their efficacy for PSC treatment introduces clinical confusion. 
To address this gap, we propose employing Bayesian network meta-
analysis (NMA) to comprehensively analyze eight randomized 
controlled trials (RCTs) evaluating clinically used NPIs for PSC. Our 
aim is to identify an optimal protocol for guiding clinical practice, 
grounded in robust evidence and statistical inference.

Materials and methods

This study adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) extended statement guidelines 
(8). The study is registered under the International Prospective 

Register of Systematic Reviews (PROSPERO)1 with the registration 
number CRD42022377376. Given that all analyses were built upon 
previously published research, ethical approval and patient consent 
were deemed unnecessary for this investigation.

Search strategy

The comprehensive search encompassed multiple databases, 
including Web of Science, PubMed, EMBASE, Cochrane Central 
Controlled Trials, China Knowledge Network (CNKI), Wanfang 
database, VIP database, and China Biomedical Literature Database 
(CBM). The search targeted RCTs assessing the effectiveness of NPIs 
in PSC up to September 6, 2025. Language limitations were 
not imposed.

Utilizing a meticulous approach, the search strategy integrated 
Medical Subject Headings (MeSH) and free words, employing Boolean 
logic operators. The key terms incorporated for the comprehensive 
search were “stroke,” “cerebral infarction,” “cerebral hemorrhage,” 
“constipation,” “dyschezia,” “non-pharmacological interventions,” 
“acupuncture therapy,” “acupoint catgut-embedding,” “auricular 
therapy,” “moxibustion,” “abdominal massage,” “point-application,” 
“physiotherapy,” “rehabilitation,” “cognitive behavioral training,” and 
“randomized controlled trial.” To further enhance inclusivity, a 
manual review of reference lists in relevant meta-analyses and reviews 
was conducted, mitigating the risk of excluding literature meeting 
inclusion criteria. Specific details of the search strategy, exemplified by 
the PUBMED search, are provided in Supplementary Table 1. Two 
independent authors, Xinhui Wu and Xuemei Dai, conducted the 
screening using Endnote 20 literature management software 
(Thompson ISI Research Soft, Philadelphia, PA, USA). Any 
discrepancies during this process were resolved through consensus or 
consultation with a third author, Wang Fei, ensuring the reliability and 
transparency of the literature selection process.

Selection and exclusion criteria

Inclusion criteria: The study selection strictly followed the 
PICOS framework.

	(1)	 Population: Patients diagnosed with PSC based on established 
diagnostic criteria (9, 10), without restrictions on age or gender.

	(2)	 Intervention: Studies evaluating one of the eight predefined 
NPIs (AT, ACE, ART, MT, AM, PA, PT, CBT). Interventions 
had to be clearly described with adequate details on frequency, 
duration, or modality.

	(3)	 Comparison: Eligible comparators included PI, placebo 
(routine dietary care alone), or comparisons between NPIs.

	(4)	 Outcomes: The primary outcome was the Clinical Effective 
Rate (CER). Secondary outcomes included the Cleveland 
Clinic Score (CCS). Studies had to report at least one of 
these outcomes.

1  https://www.crd.york.ac.uk/PROSPERO/

Abbreviations: PSC, Post-stroke Constipation; RCT, Randomized Controlled Trials; 

NMA, Network Meta-analysis; TCM, Traditional Chinese medicine; ACE, Acupoint 

Catgut-embedding; ART, Auricular Therapy; CBT, Cognitive Behavioral Training; 

AT, Acupuncture Therapy; MT, Moxibustion; AM, Abdominal Massage; PA, Point-

application; PT, Physiotherapy; PI, Pharmacological Interventions; NPIs, 

Non-pharmacological interventions; CER, Clinical Effective Rate; CCS, Cleveland 

Clinic Score.
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	(5)	 Study design: Only randomized controlled trials (RCTs) 
were eligible.

Exclusion criteria:

	(1)	 Non-RCTs, including observational studies (cohort, case–
control, cross-sectional), reviews, systematic reviews, case 
reports/series, and study protocols.

	(2)	 Animal experiments or in vitro studies.
	(3)	 Studies without full-text availability (e.g., conference abstracts).
	(4)	 Duplicate publications from the same trial; in such cases, the 

report with the most complete data was retained.
	(5)	 Studies with insufficient or missing outcome data that could 

not be obtained after contacting the authors.
	(6)	 Interventions with poorly defined content, frequency, 

or intensity.
	(7)	 Comparisons not involving PI, placebo, or other NPIs.

Utilizing these criteria, two authors (X.W. and X.D.) independently 
assessed titles and abstracts, eliminating duplicate titles and studies 
not meeting inclusion criteria. Subsequently, the studies meeting the 
criteria underwent thorough examination. Any discrepancies during 
this process were resolved through consensus, ensuring a rigorous and 
systematic study selection process.

Data extraction and quality assessment

Relevant information from eligible studies was systematically 
gathered utilizing the Cochrane Consumer and Communications 
Review Group’s data extraction template. This comprehensive data 
collection encompassed essential publication details, participant 
characteristics (total sample size, age, and disease duration), 
intervention specifics, treatment duration, and the quality assessment 
of RCTs, along with other pertinent data.

Two independent researchers, ZHL and YL, rigorously assessed 
the quality of each eligible study utilizing the Cochrane Risk of Bias 
Tool (11). This tool, applied across seven domains, facilitated a 
thorough evaluation of each project’s risk of bias, categorized as 
unknown, low, or high. The quality assessment process was executed 
using Review Manager (version 5.4), ensuring a standardized and 
reliable evaluation of study quality. Any discrepancies during the 
assessment were resolved through consensus, maintaining the 
integrity and robustness of the quality evaluation process.

Statistical analyses

Utilizing minimally informative prior distributions in the 
Bayesian random effects model (12), we  initially conducted a 
conventional pair-wise meta-analysis, amalgamating crucial data from 
all included studies. Effect sizes were computed using odds ratios 
(OR), and corresponding 95% credible intervals (CrIs) quantified 
group effects. Mean differences (MD) with 95% CrIs were employed 
to assess estimated and pooled effect sizes. Statistical heterogeneity 
was visually represented using the I2 statistic to identify significant 
heterogeneity (13). To identify potential bias, a comparison-adjusted 
funnel plot was constructed, followed by quadratic validation using 

the Egger’s test (14). A network plot was generated to visually 
represent existing relationships, with different treatments as nodes and 
trials as connecting lines.

The evaluation of network transitivity is pivotal in NMA and 
significantly influences subsequent analyses (15). To ensure the 
comparability of different treatments and the validity of drawing 
indirect conclusions, we scrutinized the transitivity assumption. This 
involved a meticulous comparison of clinical and methodological 
characteristics, including participant attributes and experimental 
design, across all included studies (16, 17). For precise estimation of 
the statistical model, we established four parallel Markov chains in the 
random selection state (18). Each chain underwent 20,000 iterations, 
with an initial burn-in period discarding the first 5,000 iterations. This 
practice minimized bias from initial values when the chain reached its 
target distribution (19). Convergence evaluation employed the 
Brooks-Gelman-Rubin diagnostic, involving a visual inspection of the 
historical trajectory of trace combined with density plots (20) 
(Supplementary Figure 1). The Surface Under the Cumulative Ranking 
Curve (SUCRA) served as a hierarchical tool for ranking the efficacy 
of various NPIs for PSC. Utilized as an ordinary numerical statistic 
cumulative ranking probability diagram, SUCRA summed up each 
treatment. Higher SUCRA values suggested that a presented treatment 
could be at the top level or highly valid for PSC patients, while a value 
of 0 indicated the least effective treatment (21). To explore potential 
source inconsistency in our network, we employed the “node splitting” 
technique, comparing direct and indirect evidence throughout the 
network. Consistency was considered to arise when p > 0.05 (22, 23). 
All analyses were conducted using the “Gemtc” package (version 
1.0–1) and “rjags” (version 4–13) in R software (4.1.3 version), and 
STATA Version 16.0 (StataCorp, College Station, TX, USA).

Importantly, the methodological framework for this NMA was 
grounded in our previously published work (24). Building on the 
robust foundation established in that study, we carefully refined and 
adapted the evaluation processes to align with the specific objectives 
and scope of the current analysis. This approach ensured 
methodological rigor, precision, and consistency throughout the study.

Results

Search process and baseline characteristics

The search initially yielded 3,214 pieces of literature, with 1,275 
duplicates identified. Upon title and abstract assessment, 1,614 
documents were deemed ineligible and subsequently excluded. A 
comprehensive analysis of the remaining 325 studies resulted in the 
exclusion of 147 studies for not meeting inclusion criteria. 
Additionally, 60 studies lacked relevant outcome indicators, 22 were 
case reports or study protocols, 35 did not mention the specific 
method of randomization, and 8 were either unavailable in full text or 
had incomplete outcome indicators. Consequently, 53 RCTs meeting 
the specified criteria were included in the analysis (25–77). Figure 1 
illustrates the process of literature screening.

Table 1 presents a comprehensive overview of essential features, 
including participant baseline characteristics and interventions. All 
included studies were from China and published between 2010 and 2024. 
A total of 3,904 participants were randomly assigned to trial or control 
groups. Among them, 1,909 participants were in the trial group, 
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undergoing eight different NPIs (AT, n = 384; ACE, n = 216; MT, n = 276; 
AM, n = 122; PA, n = 289; ART, n = 190; PT, n = 187; CBT, n = 245). The 
remaining 1,995 individuals were randomized into five control groups 
(PI, n = 1,044; Placebo, n = 532; AT, n = 294; CBT, n = 50; AM, n = 75).

Quality of included studies

The risk of bias graph and summary are detailed in 
Supplementary Figure  2. All 53 studies (25–77) utilized group 

randomization and provided comprehensive data on predetermined 
outcome measures. Twelve studies (30, 31, 36, 45, 53, 62–65, 67, 72, 
77) explicitly stated the use of allocation concealment, three studies 
(46, 52, 54) implemented participant blinding, seven studies (29, 
41, 53, 54, 59, 63) employed blinding to evaluate outcomes, 16 
studies (27, 29–32, 36, 42, 43, 45, 46, 50, 54, 56, 62–64) had late 
follow-up, and 16 studies (27, 31, 32, 34, 36, 41, 45, 49, 53, 63, 64, 
67, 71, 72, 75, 76) provided information on case disengagement or 
adverse events, while the exact implementation of other studies 
is unclear.

FIGURE 1

Literature screening process.
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TABLE 1  Characteristic of included studies.

Study ID Participant Age Gender 
(M/F)

Interventions Course Outcome

T C1 C2 T C1 C2

Ma, 2023 

(25)
30 30

T: 63.00 ± 8.00

C: 66.00 ± 8.00

T: 22/8

C: 20/10
MT AT 2w CER CCS

Chen, 2022 

(26)
54 56

T: 67.10 ± 3.40

C: 65.60 ± 3.20

T: 37/17

C: 33/23
AT placebo 4w CER CCS

Zhong, 2022 

(27)
30 30

T: 59.73 ± 4.75

C: 60.40 ± 4.39

T: 16/14

C: 14/16
AT PI 4w CER CCS

Wang, 2022 

(28)
45 45

T: 59.93 ± 9.06

C: 61.80 ± 8.28

T: 24/21

C: 22/23
PA AM 7d CER CCS

Zhang, 2022 

(29)
30 31

T: 57.07 ± 7.65

C: 54.23 ± 7.43

T: 19/11

C: 17/14
PA placebo 2w CER CCS

Yuan, 2021 

(30)
32 32

T: 60.63 ± 6.74

C: 63.19 ± 7.47

T: 25/7

C: 23/9
AT PI 2w CER

Xue, 2021 

(31)
52 51

T: 58.12 ± 4.36

C:58.44 ± 4.08

T: 29/23

C: 31/20
AT placebo 2w CER

Wang, 2021 

(32)
37 37

T:52.78 ± 10.28

C:55.03 ± 11.29

T: 23/14

C: 21/16
AT PI 10d CER

He, 2021 

(33)
42 42

T: 72.26 ± 12.36

C: 71.86 ± 9.65

T: 25/17

C: 20/22
PT PI 7d CER

Huang, 2021 

(34)
30 30

T: 69.57 ± 2.57

C: 70.17 ± 2.59

T: 15/15

C: 16/ 14
CBT placebo 4w CER CCS

Song, 2021 

(35)
40 40

T: 67.31 ± 9.03

C: 71.09 ± 7.80

T: 26/14

C: 23/17
PA PI 7d CCS

Gao, 2020 

(36)
30 30

T: 64.53 ± 6.10

C: 65.00 ± 6.87

T: 14/16

C: 17/13
ACE AT 3w CER

Du, 2020 

(37)
50 50

T: 69.53 ± 7.29

C: 68.94 ± 7.26

T: 29/21

C: 28/22
PT CBT 2w CCS

Cong, 2020 

(38)
24 29

T: 59.75 ± 11.25

C:58.64 ± 10.34

T: 17/7

C: 20/9
CBT placebo 2w CER CCS

Liang, 2020 

(39)
50 50

T: 64.13 ± 8.80

C: 63.80 ± 7.82

T: 21/29

C: 31/19
AM PI 7d CER

Zhang, 2019 

(40)
30 30

T: 57.43 ± 10.23

C:58.47 ± 10.29

T: 13/17

C: 17/13
MT AT 2w CER CCS

Sun, 2019 

(41)
30 30

T: 63.23 ± 5.67

C: 64.30 ± 6.18

T: 17/13

C: 18/12
ACE PI 4w CCS

Guo, 2019 

(42)
35 34

T: 56.83 ± 8.27

C: 56.18 ± 8.00

T: 20/15

C: 20/14
ACE AT 4w CER CCS

Wu, 2019 

(43)
23 23

T: 62.26 ± 8.48

C: 61.60 ± 7.75

T: 13/10

C: 14/9
AT PI 2w CCS

Deng, 2019 

(44)
29 29

T: 60.57 ± 1.37

C: 61.25 ± 1.23

T: 19/10

C: 18/11
ACE AT 4w CER

Huang, 2019 

(45)
30 29

T: 61.89 ± 3.85

C: 62.28 ± 3.54
/ ACE AT 2w CER CCS

Yu, 2017 (53) 15 13
T: 62.60 ± 10.0

C:61.30 ± 11.22

T: 10/5

C: 5/8
PA placebo 7d CCS

Liu, 2016 

(54)

30 30 T: 61.03 ± 9.50

C: 60.97 ± 9.77

T: 18/12

C: 15/15

MT PI 2w CCS

(Continued)
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Network analysis results

Primary outcome: CER
The preliminary conventional meta-analysis (I2 = 0%, p = 0.000) 

showed negligible heterogeneity. The adjusted funnel plot showed an 
approximately symmetrical distribution, with a few studies scattered 
at the bottom suggesting potential publication bias 
(Supplementary Figure 3). However, additional Egger’s test (p = 0.086 
(>0.05)) confirmed no publication bias in the CER outcome 
(Supplementary Table 2).

NPIs and two control groups (pharmacological interventions (PI) 
and placebo) are depicted in the network diagram (Figure 2). Each 
node represents a specific intervention, with node size proportional 
to the number of patients included. AT was the most extensively 
studied, with 9 arms (n  = 660), followed by ACE and MT, each 
evaluated in 7 arms (n = 460 and n = 436, respectively), and ART 
(n = 339) in 5 arms. PT and PA were investigated in 4 arms each 
(n = 374 and n = 397), while CBT (n = 244) and AM (n = 203) were 
the least studied, with only 3 arms.

Figure 3 summarizes the comparative effectiveness of NPIs on the 
CER outcome. All eight interventions were associated with 
significantly improved outcomes compared with the control group, 
except that no significant difference was observed between AM and 
PI. Both ACE and PT appeared more effective than AT (OR = 2.92, 
95% CrI: 1.26–6.77; OR = 2.33, 95% CrI: 1.02–5.34), ART (OR = 2.21, 
95% CrI: 1.07–4.57; OR = 2.14, 95% CrI: 1.01–4.54), and 
AM (OR = 3.94, 95% CrI: 1.49–10.43; OR = 3.15, 95% CrI: 1.23–8.06). 
In addition, ACE was associated with significantly greater efficacy 
than MT (OR = 2.28, 95% CrI: 1.01–5.14). Overall, the findings 
suggest that ACE and PT may provide more consistent advantages 
compared with several other interventions in improving 
CER outcomes.

The SUCRA rankings for each intervention are shown in 
Figures 3, 4. ACE had the highest probability of improving CER in 
patients with PSC (94.7%), followed by PT (88.4%). PA (64.9%), 
CBT (59.4%), and MT (59.2%) occupied the next tier with 
comparable probabilities. AT (46.1%) ranked sixth, while ART 
(44.5%) and AM (30.6%) were seventh and eighth, respectively. PI 
(11.8%) and placebo (0.4%) were lowest. The “nodal split” method 
was employed to assess inconsistencies between direct and indirect 
evidence. Results (Supplementary Figure  4) indicated no 
significant inconsistencies in the network’s branches (p > 0.05). 
However, notable inconsistencies were observed in  local 
inconsistency tests for (E-A) (p = 0.02), (I-A) (p = 0.035), (I-E) 
(p = 0.023), and (I-F) (p = 0.0035) suggesting some inconsistency 
in this closed loop.

Secondary outcome: CCS
The preliminary meta-analysis revealed substantial 

heterogeneity in CCS outcomes across the included studies 
(I2  = 84.2%, p  < 0.001), therefore, a random-effects model was 
employed to account for the high between-study variability. The 
funnel plot for the secondary outcome showed mild asymmetry, 
characterized by an over-representation of studies on the right side 
and a scattering of points at the bottom, suggesting the possibility 
of publication bias or underlying heterogeneity 
(Supplementary Figure 3). Nevertheless, Egger’s test did not detect 
significant publication bias (p = 0.732, Supplementary Table 3). To 
further investigate potential sources of heterogeneity, 
we  performed sensitivity analyses and meta-regression, as 
presented in the ‘Sensitivity Analysis and Meta-Regression’ section 
of the Results.

A network diagram is presented in Figure 2, comprising seven 
active interventions and three control groups (PI, placebo, and AM, 
which was treated as a control in this outcome measure). Among the 
interventions, MT (n  = 486) and AT (n  = 545) were the most 
extensively evaluated, each included in eight study arms, followed by 
PA (n = 580) with seven arms. ACE (n = 342) and CBT (n = 405) were 
assessed in five arms, whereas PT (n = 230) and ART (n = 120) were 
the least studied, with only two arms each.

The efficacy outcomes for constipation improvement are 
summarized in Figure 5. Compared with the three control groups 
(AM, PI, and placebo), ACE, PT, and PA were associated with 
significant improvements. ACE also demonstrated superiority over 
MT (MD = −1.74, 95% CrI: −3.25, −0.24), CBT (MD = −2.19, 95% 
CrI: −3.82, −0.57), AT (MD = −2.74, 95% CrI: −3.92, −1.56) and 
ART (MD = −3.02, 95% CrI: −4.97, −1.07), ranking highest among 
all interventions. Notably, no significant differences were observed 
between ART and either PI or AM.

The SUCRA rankings for CCS (Figures  4, 5) were largely 
consistent with those for the primary outcome (CER), with the 
following hierarchy: ACE (97.8%) > PT (81.7%) > PA (73.6%) > MT 
(69.7%) > CBT (56.1%) > AT (40.9%) > ART (37.3%) > AM 
(30.1%) > PI (11.1%) > placebo (1.7%). Furthermore, 
Supplementary Figure 5 illustrates that the node segmentation model 
results still indicate some inconsistency in direct and indirect evidence 
between individual studies.

Sensitivity analysis and meta regression

In the sensitivity analysis (Supplementary Figure 6), we aimed 
to explore the source of heterogeneity in the CCS results. 

TABLE 1  (Continued)

Study ID Participant Age Gender 
(M/F)

Interventions Course Outcome

T C1 C2 T C1 C2

Peng, 2016 

(55)

24 24 T: 51.00 ± 6.00

C: 53.00 ± 7.00

T: 10/14

C: 12/12

AT PI 2w CER CCS

Ji, 2016 (56) 40 40 T: 61.00 ± 9.00

C: 60.00 ± 10.0

T: 19/21

C: 26/14

ART PI 2w CER CCS

Huang, 2014 

(68)

48 48 T: 61.82 ± 9.13

C: 60.57 ± 9.76

T: 35/13

C: 30/18

CET PI 2w CCS
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Consistent with the preliminary analysis, excluding any single 
study had minimal impact on the composite results, suggesting 
that the composite effect sizes in this study remain relatively 
stable. Additionally, we  conducted a more detailed subgroup 
analysis by categorizing the 35 studies into four groups for meta-
regression analyses based on the year of publication year, 
intervention time, and control objects (Supplementary Table 4). 
The results indicated that none of the four study groups 
significantly contributed to the generation of heterogeneity 
(p > 0.05).

Discussion

Existing clinical trials have predominantly assessed the relative 
efficacy of individual non-pharmacological interventions (NPIs) in 
managing post-stroke constipation (PSC). Traditional meta-
analyses have often been limited to evaluating the effectiveness of 
singular interventions. However, the introduction of network meta-
analysis (NMA) has addressed this limitation by integrating two or 
more interventions. NMA enables both direct and indirect cross-
comparisons, adjusting for indirect comparisons and 

FIGURE 2

The network evidence graph. (A) Clinical Effective Rate (CER); (B) Cleveland Clinic Score (CCS).

FIGURE 3

League matrix table of CER. Treatments were ranked in order of their likelihood of being the best treatment. The numbers in the purple boxes are 
SUCRA values, representing the rank of the treatments. Meaningful pairwise comparisons are shown in blue boxes. ACE, Acupoint Catgut-embedding; 
PT, Physiotherapy; MT, Moxibustion; PA, Point-application; AT, Acupuncture Therapy; ART, Auricular Therapy; AM, Abdominal Massage; CBT, Cognitive 
Behavioral Training; PI, Pharmacological Interventions.
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simultaneously evaluating and ranking all included interventions 
(78). This study is the first to apply the NMA approach to compare 
the efficacy of various NPIs in PSC patients. Its complex and 
comprehensive methodology surpasses the majority of previous 
studies, providing a foundation for evidence-based clinical 
guidelines that can guide the selection of optimal treatment 
regimens for PSC in the future.

PSC hampers recovery and increases the risk of secondary 
complications. While pharmacological treatments and enemas (e.g., 
commonly used agents such as lactulose, polyethylene glycol, or 
traditional Chinese herbal cathartic preparations like rhubarb-based 
formulas) can relieve symptoms, prolonged use can lead to adverse 
effects, dependence, and colonic dysfunction (79). These limitations, 
along with common challenges associated with PSC (such as frailty, 
dysphagia, and limited mobility), have driven a shift toward 
non-pharmacological management. Traditional Chinese medicine 
(TCM) NPIs and modern rehabilitation techniques (e.g., 
physiotherapy, PT) have shown positive effects and are generally 
better tolerated by patients, making them a rational focus for 
evaluation. Accordingly, we conducted a systematic review of eight 
NPIs, including acupuncture therapy (AT), acupoint catgut-
embedding (ACE), auricular therapy (ART), moxibustion (MT), 
abdominal massage (AM), point-application (PA), physiotherapy 
(PT), and cognitive behavioral training (CBT), to clarify their 
comparative advantages and clinical applicability. Our findings 
indicate that ACE was ranked highest for both clinical efficacy 
(SUCRA = 94.7%) and alleviating constipation severity as measured 
by the constipation severity scale (CCS) (98.2%). PT (88.4, 82.0%) 
and PA (64.9, 73.0%) followed, with ART and AM  ranked 
relatively lower.

Acupoint catgut-embedding (ACE) is an advancement of 
traditional acupuncture therapy (AT), which involves the implantation 
of absorbable sheep intestinal sutures into specific acupoints. Once 
embedded, the suture material gradually softens and decomposes, 
providing continuous stimulation that can last for at least 15 days—an 
effect that differs from conventional needling or burying techniques 
(80, 81). The therapeutic action of ACE combines several mechanisms, 
including acupoint blockade, AT stimulation, blood-letting effects, 
prolonged needle action, and mild tissue injury, thus delivering a 
multimodal stimulus (82, 83). Experimental studies have shown that 
ACE elicits various biochemical responses and bidirectional 
regulation at acupuncture points, peripheral nerves, and the central 
nervous system (84, 85). This stimulation activates parasympathetic 
pathways, promoting sustained neuromuscular repair of anorectal 
function, enhancing intestinal peristalsis, and modulating anal 
sphincter contraction. Simultaneously, ACE downregulates 
sympathetic activity, increases the sensitivity of anal sphincter 
pressure receptors, and facilitates the recovery of the defecation reflex. 
Together, these effects contribute to the normalization of 
gastrointestinal electrical rhythms and the restoration of regular 
bowel movements in constipated patients.

In this study, ACE was ranked first in both CER and 
CCS. Specifically, CCS results revealed that ACE also demonstrated 
superiority over MT (MD = −1.74, 95% CrI: −3.25, −0.24), CBT 
(MD = −2.19, 95% CrI: −3.82, −0.57), AT (MD = −2.74, 95% CrI: 
−3.92, −1.56) and ART (MD = −3.02, 95% CrI: −4.97, −1.07), 
ranked highest among all evaluated interventions. Although AT has 
been shown to be  beneficial in managing PSC, particularly by 
reducing laxative use and related adverse effects (86), its clinical 
application is often hindered by practical limitations, such as the 

FIGURE 4

Probability ranking results of different interventions. (A) Abdominal massage; (B) Acupoint catgut-embedding, (C) Acupuncture therapy; (D) Auricular 
therapy; (E) Cognitive behavioral training; (F) Moxibustion; (G) Pharmacological interventions; (H) Physiotherapy; (I) Placebo; (J) Point-application.
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need for prolonged fixed positioning during needle retention and 
frequent therapeutic sessions. These factors may increase patient 
discomfort and resistance. In contrast, ACE offers a less 
burdensome procedure with longer treatment intervals, broader 
efficacy, and more sustained therapeutic effects, making it 
particularly advantageous for stroke patients. Moreover, ACE’s 
safety profile has been consistently confirmed in related clinical 
studies (87).

Next, physiotherapy (PT) was ranked second across both outcome 
measures (Clinical efficacy SUCRA = 88.4%; CCS SUCRA = 81.7%), 
demonstrating favorable efficacy. PT for PSC typically involves 
electrotherapy, such as medium-frequency pulsed stimulation or 
transcutaneous acupoint electrical stimulation. As an emerging 
technique derived from modern medical research, electrotherapy is 
non-invasive, comfortable, and well-accepted by patients. Medium-
frequency electrical stimulation produces therapeutic effects by 
delivering modulated waveforms and amplitudes to relevant acupoints. 
This generates mechanical-like effects (e.g., pushing, pressing, 
squeezing) that facilitate the transmission of stimulation to the rectum 
and anus, activate the sacral nerve and pelvic plexus, and enhance 
rectal afferent excitability. This process improves local blood 
circulation, augments intestinal peristalsis, and contributes to 
regulating disrupted intestinal flora and neurotransmitter levels (88, 
89). Transcutaneous acupoint electrical stimulation, an evolution of 
traditional acupuncture, uses parameterized electrical devices affixed 
to acupoints to achieve therapeutic outcomes similar to acupuncture 

without invasive manipulation (90, 91). Stimulation signals are 
transmitted through afferent nerves innervating local skin and muscle 
at acupuncture points, integrated in the spinal cord and supraspinal 
centers (e.g., vagal complex, hypothalamus), and ultimately conveyed 
through sympathetic and parasympathetic pathways. These outputs 
regulate gut function and alleviate constipation, engaging the brain-gut 
axis mechanism (92).

As highlighted in studies on PSC pathogenesis (93), stroke-
induced injury to the cortical defecation center disrupts autonomic 
reflexes, impairing defecation and reducing intestinal motility. The 
brain-gut axis, a neuroendocrine network linking the gastrointestinal 
tract and central nervous system (CNS), plays a crucial role in this 
process. Brain-gut peptides enable the CNS to transmit regulatory 
impulses to the gastrointestinal tract, while the enteric nervous system 
(ENS) exerts feedback regulation on the CNS. This bidirectional 
modulation of gastrointestinal function underpins the therapeutic 
rationale for PT in PSC (94).

Point-application (PA) ranked third overall, showing superiority 
over pharmacological interventions and placebo but remaining less 
effective than ACE and PT. Rooted in TCM theory, PA combines 
herbal formulations with transdermal delivery at specific acupoints, 
achieving synergistic effects between drug absorption and acupoint 
stimulation (95, 96). Its advantages include avoiding hepatic first-pass 
metabolism, prolonged release of active ingredients, and good patient 
compliance (97, 98). However, variability in herbal selection, lack of 
standardized protocols, and limited high-quality clinical evidence 

FIGURE 5

League matrix table of CCS. Treatments were ranked in order of their likelihood of being the best treatment. The numbers in the purple boxes are 
SUCRA values, representing the rank of the treatments. Meaningful pairwise comparisons are shown in blue boxes. ACE, Acupoint Catgut-embedding; 
PT, Physiotherapy; MT, Moxibustion; PA, Point-application; AT, Acupuncture Therapy; ART, Auricular Therapy; AM, Abdominal Massage; CBT, Cognitive 
Behavioral Training; PI, Pharmacological Interventions.
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limit its broader clinical adoption. While PA may serve as a 
complementary non-pharmacological option for PSC, particularly in 
patients unsuitable for invasive therapies, further rigorously designed 
trials are needed to establish its efficacy and optimize 
treatment protocols.

Limitations

While this investigation provides valuable insights into NPIs for 
PSC, several limitations should be acknowledged. First, the reliance 
on aggregate-level comparisons may have overlooked heterogeneity 
introduced by confounding factors, such as the choice of 
acupuncture points and the frequency of electrical stimulation. 
Second, the lack of AM trials included as comparators for the CCS 
outcome may have introduced potential bias into the analysis. 
Third, the concentration of available studies in specific regions may 
limit the generalizability of our findings to broader populations. 
Future research with more geographically diverse samples and 
refined intervention protocols will be essential to establish a more 
comprehensive understanding of NPIs for PSC.

Conclusion

In conclusion, this study synthesized evidence from eight trials. 
While various NPIs demonstrated different degrees of symptom 
improvement in PSC, the NMA findings indicate that ACE may 
be associated with comparatively greater benefits for clinical efficacy 
and constipation severity. PT and PA also showed potential 
advantages and could be considered as alternative approaches. In 
contrast, ART and AM appeared less effective; however, the overall 
certainty of evidence remains limited. Taken together, these findings 
should be  interpreted with caution and regarded as preliminary 
insights to guide clinical decision-making, underscoring the need 
for further high-quality research to validate these observations.

Although the preliminary analysis revealed considerable statistical 
heterogeneity, subsequent sensitivity analyses and meta-regression did 
not identify specific sources, and the pooled estimates remained 
stable. The use of a random-effects model further enhanced the 
robustness of our findings. The observed heterogeneity may partly 
reflect variability in continuous study-level characteristics, but this did 
not materially affect the overall conclusions, supporting their 
reliability and clinical relevance.
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