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Abstract

Objective

To systematically evaluate the efficacy and safety of Modified Tongxie Yaofang (M-TXYF)

for the treatment of diarrhea-predominant irritable bowel syndrome (IBS-D).

Method

Electronic databases including PubMed, Springer Link, EMBASE, China National Knowl-

edge Infrastructure (CNKI), Chinese Biomedical Literature (CBM), Wanfang, and Chinese

Scientific Journals Database (VIP) were conducted from their inception through May 11,

2017 without language restrictions. Primary and secondary outcomes were estimated by

95% confidence intervals (CI). RevMan 5.3 and the Cochrane Collaboration’s risk of bias

tool were analyzed for this meta-analysis.

Results

Twenty-three literatures with a total of 1972 patients were included for the meta-analysis.

The overall risk of bias evaluation was low. The pooled odds ratio showed that M-TXYF was

significantly superior to routine pharmacotherapies (RP) in clinical therapeutic efficacy (OR

4.04, 95% CI 3.09, 5.27, P < 0.00001, therapeutic gain = 17.6%, number needed to treat

(NNT) = 5.7). Moreover, compared with RP, M-TXYF showed that it can significantly reduce

the scores of abdominal pain (standardized mean difference (SMD) -1.27; 95% CI -1.99,

-0.56; P = 0.0005), abdominal distention (SMD -0.37; 95% CI -0.73, -0.01; P = 0.09), diar-

rhea (SMD -1.10; 95% CI -1.95, -0.25; P = 0.01), and frequency of defecation (SMD -1.42;

95% CI -2.19, -0.65; P = 0.0003). The differences of the adverse events between experi-

ment and control groups had no statistical significance.
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Conclusion

This meta-analysis indicated that M-TXYF could be a promising Chinese herbal formula in

treating IBS-D. However, considering the lack of higher quality of randomized controlled tri-

als (RCTs), highly believable evidences should be required.

Introduction

Irritable bowel syndrome (IBS) is a functional bowel disorder which is characterized by recur-

rent abdominal pain occurred at least 1 day per week in the last 3 months within a change in

bowel habits [1–2]. Based on the predominant bowel habits according to Rome VI criteria [2],

IBS is sub-classified into IBS with constipation (IBS-C), IBS with diarrhea (IBS-D), and mixed

IBS (IBS-M). According to epidemiological investigation, approximately 5%-22% of general

populations develop IBS [3–4], and up to 40% of patients have IBS-D [3]. This high prevalence

results have significantly impaired the patients’ quality of life and medical costs [5].

Although tremendous efforts have been made to elaborate the cause of IBS, most routine

pharmacotherapies (RP), including antidepressants, antispasmodic drugs, antidiarrheal drugs,

and agents acting on 5-hydroxytryptamine (5-HT) receptor, have failed to achieve the desired

clinical therapeutic efficacy. Furthermore, a numerous studies have verified that these drugs

could potentially result in a risk of ischemic colitis and cardiovascular events [6].

With the development of traditional Chinese medicine (TCM), more and more IBS suffer-

ers have turned to seek alternative treatments, particularly Chinese herbal medicine. Tongxie

Yaofang (TXYF), an ancient formula in treating IBS-D with liver-qi stagnation and spleen

deficiency [7], is often modified with different Chinese herbal additions based on syndrome

differentiation. To date, two publications have reported TCM in treating IBS. One was a sys-

tematic review of TXYF for IBS [8]. In this review, because of poor quality in most included

trials, the definitive conclusions have not been drawn. Moreover, sub-classification of IBS was

also left out of consideration. The other study was a meta-analysis of Shugan Jianpi Zhixie

therapy for IBS-D [9]. Although this sub-classification was taken into consideration, placebos

were adopted in control groups. Considering the medical ethics, the use of them was irrespon-

sible for patients. Recently, several well-designed clinical studies evaluating Modified TXYF

(M-TXYF) for IBS-D have been issued [10–32]. Therefore, in order to acquire more precise

and reliable results, we conducted a meta-analysis to estimate the efficacy and safety of

M-TXYF for IBS-D.

Methods

Search strategy

To identify relevant literatures, electronic search was comprehensively conducted for publica-

tions in the following 6 electronic databases: PubMed, Springer Link, EMBASE, China

National Knowledge Infrastructure (CNKI), Wanfang, and Chinese Scientific Journals Data-

base (VIP). The general wording of the search terms were individually used or in combination:

“Tongxie Yaofang”, “traditional Chinese medicine”, “Chinese medicinal herb”, “traditional

Chinese herbal formula”, “herbs”, “irritable bowel syndrome”, “IBS”, “irritable colitis”, “func-

tional bowel disease”, “allergic colitis”, “colon allergy”, “randomized controlled trials (RCTs)”,

“clinical trial”. The retrieval time was from their inception through May 11, 2017 without lan-

guage restrictions. A detailed search strategy for each of the databases could be found in S1

Search Strategy. Omissive relevant literatures were supplemented by manual search.
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Study selection

Studies with the following eligibility criteria were conducted for quantitative analysis: (1) All

the included trials are randomized controlled trials (RCTs) in humans. (2) IBS-D is definitively

diagnosed on the basis of Rome II, III, or VI. (3) All participants are adults. (4) Experiment

groups should present the efficacy of M-TXYF in comparison with RP. (5) Pregnant women

and patients with malignant tumor or severe cardiovascular diseases are excluded.

Data extraction and quality assessment

Extracting data was independently conducted by two researchers. The contents of extracted

data were composed of the following items: first author, the year of publishing, western crite-

ria, TCM criteria, study population, ages, sample sizes, intervention, treatment sessions, out-

come measurements, clinical therapeutic efficacy, follow-up, and side effects. Evaluation of

methodological quality, supplemented by Jadad score [33], was performed based on the

Cochrane Collaboration’s risk of bias tool [34]. Literature with a Jadad score below 3 was

deemed inferior quality article, whereas literature with a score above 3 was regarded as supe-

rior one. Based on the contents of Jadad score, the quality of literatures were divided into three

different grades as follows [33]:

A = Low risk of bias for literatures with a score of 5

B = Moderate risk of bias for literatures with a score of 1–4

C = High risk of bias for literatures with a score of 0

Disputes emerging between two investigators were settled after discussion or by another

one.

Data synthesis and analysis

Review Manager 5.3 was used for the meta-analysis. Odds ratio (OR) and 95% confidence

intervals (CI) were estimated for dichotomous data. Standardized mean difference (SMD) and

95% CI were calculated for continuous variable data. A statistical test for heterogeneity was

conducted with χ2 test and inconsistency index statistic (I2) [35]. If significant heterogeneity

existed (I2>50% or P<0.05), the pooled OR was evaluated by using a random effect model.

Otherwise, a fixed effect model was used.

A sensitivity analysis was performed to investigate underlying sources of heterogeneity.

Meanwhile, it can also estimate the robustness of emerging results through sequentially omit-

ting one trial. Therapeutic gain reciprocal was described as the number needed to treat (NNT).

Publication bias was qualitatively detected by Begg’s funnel plot.

Results

A total of 1,506 relevant studies were identified based on computer search. Both investigators

agreed on the results of inclusion criteria and showed detailed screening process for study

identification and selection in Fig 1. Finally, twenty-three RCTs met the inclusion criteria for

the meta-analysis [10–32]. Literature characteristics are described in Table 1.

A description of the assessment for methodological quality is shown in Table 2. In this sys-

tematic review, nineteen trials described how patients were randomly assigned into the experi-

ment groups and the control groups (fifteen used a random number table [12, 15–17, 20–27,

29, 31, 32], two used a block randomization [18, 33], one used a random grouping table [19],

and one used a stratified block randomization [30]). However, the remaining four studies did
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Fig 1. Flow chart of the process for literature retrieval.

https://doi.org/10.1371/journal.pone.0192319.g001
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Table 1. Characteristics of included literature.

Included

studies (First

Author, Year)

Western

criteria

TCM

criteria

Study

population

Ages

(years old)

Sample Size Intervention Treatment

sessions

Outcome

measurements

Side

effectsE(M/

F)

C(M/

F)

E C

An et al. 2017

(10)

RomeIII N.D Single

center

E: 34.8±3.8

C: 34.2

±3.6

32

(19/

13)

32

(21/

11)

M-TXYF Montmorillonite powder

+ PBT

4 weeks A+B+E+F+O+R

+Z+AA

no

Chen et al.

2016 (11)

RomeIII LSASD Single

center

E: 43.2

±18.3

C: 42.1

±17.5

30

(12/

18)

30

(13/

17)

M-TXYF PBT 4 weeks A+B+C+D+H+R N.D

Ge et al. 2016

(12)

RomeIII LSASD Single

center

E: 36.8±7.2

C: 37.4

±6.7

62

(30/

32)

62

(28/

34)

M-TXYF PBT 4 weeks A+B+D+E+F+O

+Y

E: 2

cases

C: 10

cases

Ma et al. 2016

(13)

RomeIII DBLAS Single

center

18–65 23

(10/

13)

23

(9/

14)

M-TXYF PBT 4 weeks A+B+C+D no

Qian et al.

2016 (14)

RomeIII LSAAS Single

center

32.13±4.22 E/C: 30/30

(M: 20 F:

40)

M-TXYF PBT 3 weeks A+B+C+F no

Li et al. 2015

(15)

RomeIII LSASD Single

center

E: 42.27

±2.31 C:

41.40±2.36

30

(13/

17)

30

(12/

18)

M-TXYF

+ CBT

PBT 4 weeks A+B+C N.D

Li 2015 (16) RomeII LSASD Single

center

18–48 E/C: 42/42

(M: 58 F:

26)

M-TXYF PBT 8 weeks A+B+E+F+G+H

+I

N.D

Peng et al.

2014 (17)

RomeIII LSASD Single

center

N.D E/C: 27/23 M-TXYF PBT 4 weeks A+P+U no

Wen et al.

2014 (18)

RomeIII LSASD Single

center

E: 41.7

±11.6 C:

42.4±12.3

42

(16/

26)

42

(14/

28)

M-TXYF PBT 4 weeks A+B+E+F no

Chen et al.

2014 (19)

RomeIII LSAAS Single

center

E: 38.48

±11.93 C:

38.35

±11.75

58

(38/

20)

58

(32/

26)

M-TXYF PBT 4 weeks A+I+J+K+Q C: 4

cases

Zhang et al.

2014 (20)

RomeIII N.D N.D E: 47.13

±8.27 C:

46.58±8.44

44

(24/

20)

44

(21/

23)

M-TXYF Trimebutine maleate

+ Montmorillonite powder

4 weeks A+B+E+N+O+R no

Tu 2013 (21) RomeIII N.D Single

center

E: 39.8±9.6

C: 39.5

±8.6

56

(38/

18)

48

(33/

15)

M-TXYF Bacillus licheniformis + PBT 4 weeks A+AB N.D

Wang et al.

2013 (22)

RomeIII LSASD Single

center

E: 27±4.5

C: 29±5.1

48

(28/

20)

50

(24/

26)

M-TXYF PBT 4 weeks A+B+C+E+L+M N.D

Wang et al.

2012 (23)

RomeIII LSASD Single

center

E: 42.5

±12.5 C:

43.2±11.7

45

(16/

29)

45

(14/

31)

M-TXYF Montmorillonite powder 4 weeks A+B+C+G+AC

+AD+AE+AF

no

Tao et al. 2012

(24)

RomeIII LSASD Single

center

E: 40.85

±11.62 C:

41.14

±12.08

68

(40/

28)

64

(37/

27)

M-TXYF PBT 4 weeks A+J+V+W N.D

Xu et al. 2011

(25)

RomeIII LSASD Single

center

E: Mean:

43

C: Mean:

44

52

(30/

22)

52

(31/

21)

M-TXYF PBT 4 weeks A N.D

Zhang 2010

(26)

RomeIII LSASD Single

center

E: 38.5

±2.27 C:

36.6±20.7

40

(16/

24)

40

(14/

26)

M-TXYF Loperamide 4 weeks A N.D

(Continued)
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not report the specific randomization technique [11, 13, 14, 28]. In addition, only the Peng

et al. study used a single-blind [18]. Only the Gao et al. study used a double-blind and double-

dummy [31]. As for allocation concealment, only the Peng et al. study and the Tao et al. study

used lightproof envelopes [18, 25]. In addition, eight trials reported follow-up after treatment

[15, 18, 20, 22, 25, 28–30]. Although withdrawals and dropouts were mentioned in seven stud-

ies [18, 20, 25, 28–31], only the Peng et al. study [17] conducted intention-to-treat (ITT) analy-

sis. The Chen et al. study [19] used full analysis sets (FAS). The Gao et al. study conducted full

analysis set (FAS), per-protocol population set (PPS) and safe set (SS) [30]. However, the

remaining studies did not conduct intention-to-treat (ITT) analysis for the cases of dropouts

[10–16, 18, 20–29, 31, 32]. In a word, because of lacking specific information, it cannot be

determined whether implementations were adequately performed in the process of random

sequence generation, blinding or allocation concealment. Therefore, the validity of this review

in Fig 2 could be regarded as high risk.

Primary outcome measurement: clinical therapeutic efficacy

Comparison of clinical therapeutic efficacy. A total of 23 included studies reported the

efficacy, which included 1972 patients where 1052 and 920 participants were respectively

assigned to M-TXYF and RP [10–32]. Based on the “Guiding Principle for Clinical Research of

Table 1. (Continued)

Included

studies (First

Author, Year)

Western

criteria

TCM

criteria

Study

population

Ages

(years old)

Sample Size Intervention Treatment

sessions

Outcome

measurements

Side

effectsE(M/

F)

C(M/

F)

E C

Zhang et al.

2009 (27)

RomeIII LSASD Single

center

E: 39.98

±12.24 C:

37.67

±10.96

53

(30/

23)

54

(35/

19)

M-TXYF PBT 4 weeks A+B+D+E+F+I N.D

Liang et al.

2009 (28)

RomeIII DBLAS Multi-

center

38.65±4.93 20

(7/

13)

20

(9/

11)

M-TXYF PBT 4 weeks A+B+D+E+F+N

+O

no

Pan et al. 2009

(29)

RomeIII N.D Single

center

E: 39.2

±13.4 C:

37.5±15.6

80

(33/

47)

40

(17/

23)

M-TXYF Miyarisam 4 weeks A+B+D+F+AG N.D

Gao et al. 2009

(30)

RomeII LSASD Single

center

N.D E/C: 78/26 M-TXYF Glutamine compound enteric

capsule

3 weeks A+B+E+F+X no

Fang 2008

(31)

RomeIII LSASD Single

center

25–69 40

(18/

22)

40

(19/

21)

M-TXYF PBT + Live Combined

bifidobacterium

+ lactobacillus and

enterococcus Powder

12 weeks A E: 1case

C:

6cases

Cai et al. 2006

(32)

RomeII LSASD Single

center

E: 47.32

±12.81 C:

47.48

±11.60

60

(31/

29)

31

(20/

11)

M-TXYF PBT 8 weeks A+B+D+E+F+R

+S+T

N.D

Annotation: A: clinical therapeutic efficacy; B: abdominal pain score; C: diarrhea score; D: abdominal distention score; E: frequency of defecation score; F: property of

stool score; G: borborygmus score; H: the level of gastrointestinal hormones; I: IBS-QOL score; J: IBS-BSS score; K: IBS-DSQ; L: sleeping quality score; M: diet condition

score; N: poor stool output score; O: mucous stool score; P: gastrointestinal hormones; Q: TCM-PES; R: defecation’s condition score; S: satisfaction of defecation; T:

disturbance of life; U: TCM symptom score; V: TCM symptom therapeutic effect; W: QOL(SF-36) scale; X: abdominal discomfort; Y: the level of serum brain gut

peptide; Z: SAS (self-rating anxiety scale) scores; AA: SDS (self-rating depression scale) scores; AB: recurrence rate; AC: tension score; AD: fullness and discomfort in

chest and hypochondrium score; AE: belching score; AF: poor appetite score; AG: mental condition score

LSASD: Liver-qi stagnation and spleen deficiency; LSAAS: Liver-qi stagnation and attacking spleen; DBLAS: Disharmony between liver and spleen; PBT: Pinaverium

bromide tablets; N.D: not described; E: Experiment group; C: Control group.

https://doi.org/10.1371/journal.pone.0192319.t001
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Table 2. Assessment of methodological quality of the qualified studies.

Included

Studies

Baseline Randomization Blinding Allocation

concealment

Follow-up Withdrawals and

dropouts

Jadad

score

Quality of

Literature

An et al.

2017 (10)

Comparability MBND N.D N.D N.D N.D 1 B

Chen et al.

2016 (11)

Comparability Random number table N.D N.D N.D N.D 2 B

Ge et al.

2016 (12)

Comparability MBND N.D N.D N.D N.D 1 B

Ma et al.

2016 (13)

Comparability MBND N.D N.D N.D N.D 1 B

Qian et al.

2016 (14)

Comparability Random number table N.D N.D 1 month N.D 2 B

Li et al. 2015

(15)

Comparability Random number table N.D N.D N.D N.D 2 B

Li 2015 (16) Comparability Random number table N.D N.D N.D N.D 2 B

Peng et al.

2014 (17)

Comparability Block randomization Single-blind Lightproof

envelope

MBND E: 1 case C: 2

cases

3 B

Wen et al.

2014 (18)

Comparability Random grouping table N.D N.D N.D N.D 2 B

Chen et al.

2014 (19)

Comparability Random number table N.D N.D 8 weeks E: 3 cases C: 3

cases

3 B

Zhang et al.

2014 (20)

Comparability Random number table

based on the proportion

of 1:1

N.D N.D N.D N.D 2 B

Tu 2013

(21)

Comparability Random number table N.D N.D 3 months after treatment

course;1 year for curative

cases

N.D 2 B

Wang et al.

2013 (22)

Comparability Random number table N.D N.D N.D N.D 2 B

Wang et al.

2012 (23)

Comparability Random table N.D N.D N.D N.D 2 B

Tao et al.

2012 (24)

Comparability Random number table

based on the proportion

of 1:1

N.D Lightproof

envelope

3rd and 6th month after

treatment course

E: 2 cases C: 6

cases

3 B

Xu et al.

2011 (25)

Comparability Random number table N.D N.D N.D N.D 2 B

Zhang 2010

(26)

Comparability Random number table N.D N.D N.D N.D 2 B

Zhang et al.

2009 (27)

Comparability Randomization based

on the proportion of 1:1

N.D N.D after 2nd and 4th weeks

during the treatment

course;1st and 3rd months

after treatment course

E: 2 cases C: 1

case

3 B

Liang et al.

2009 (28)

Comparability Random number table

based on the proportion

of 1:1

N.D N.D 3 months no 2 B

Pan et al.

2009 (29)

Comparability Stratified block

randomization

N.D N.D MBND E: 3 cases 3 B

Gao et al.

2009 (30)

Comparability Random number table

based on the proportion

of 3:1

Double-blind

double-

dummy

N.D N.D E group:4 cases C

group:4 cases

5 A

Fang 2008

(31)

Comparability Random number table N.D N.D N.D N.D 2 B

Cai et al.

2006 (32)

Comparability Block randomization

based on the proportion

of 2:1

N.D N.D N.D N.D 2 B

Annotation: N.D: not described; MBND: mentioned but not described; E: Experiment group; C: Control group.

https://doi.org/10.1371/journal.pone.0192319.t002
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New Drugs of TCM” [36], clinical therapeutic efficacy was calculated in the comprehensive

efficacy index (CEI): CEI(%) = (the numbers of patients whose clinical symptom improved

after intervention divide total numbers of patients) × 100%.

Subgroup analysis. Because of variability in evaluating point of clinical therapeutic

efficacy, we conducted subgroup analysis among studies using different interventions of

Pinaverium bromide tablets (PBT), PBT + another RP (including Montmorillonite powder,

Trimebutine maleate, Bacillus licheniformis, Loperamide, Miyarisam, Glutamine compound

enteric capsule, Live combined bifidobacterium, Lactobacillus and enterococcus), and another

RP. Compared with the control groups, the experiment groups were positive effects on the

improvement of clinical symptoms for PBT (OR 4.14; 95% CI 2.98, 5.75; P< 0.00001) in fif-

teen trials [11–19, 22, 24, 25, 27, 28, 32], PBT + another RP (OR 4.14; 95% CI 1.67, 10.07;

P = 0.002) in three trials [10, 21, 31], another RP (OR 3.73; 95% CI 2.20, 6.34; P< 0.00001) in

five trials [20, 23, 26, 29, 30], and an overall efficacy (OR 4.04; 95% CI 3.09, 5.27; P< 0.00001)

in Fig 3. In addition, the results in Table 3 showed that 90.3% of treatment group participants

had a clinical effectiveness, which was superior to 72.7% of control group participants (thera-

peutic gain = 17.6% with NNT = 5.7). Potential publication bias (Begg’s test, P = 0.009) was

identified by observing the asymmetrical plot in Fig 4.

Fig 2. (a) Risk of bias summary. (b) Risk of bias graph.

https://doi.org/10.1371/journal.pone.0192319.g002
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Secondary outcome measurements

Abdominal pain score. Among the included studies, fourteen reported the improvement

of abdominal pain [10–17, 19, 20, 22, 28, 29, 32]. However, owing to the existence of substan-

tial heterogeneity (χ2 = 352.05, P< 0.00001, I2 = 96%), a random effect model was applied to

estimating pooled effect sizes. Furthermore, the forest plot in Fig 5 showed that the reduction

Fig 3. Forest plot of clinical therapeutic efficacy.

https://doi.org/10.1371/journal.pone.0192319.g003
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of abdominal pain score in experiment groups was more remarkable than that in control

groups (SMD -1.27; 95% CI -1.99, -0.56; P = 0.0005).

Abdominal distention score. Eight studies reported abdominal distention score [11–13,

17, 19, 22, 28, 32]. A random effect model was conducted because of significant heterogeneity

(χ2 = 32.78, P< 0.0001, I2 = 79%). However, the result of meta-analysis in Fig 6 showed that

M-TXYF had no statistically significant differences in alleviation for abdominal distention

compared with RP (SMD -0.37; 95% CI -0.73, -0.01; P = 0.09).

Diarrhea score. Of all the included studies, eight reported the diarrhea score [11, 13–17,

19, 22]. A model of random effect was conducted to estimate pooled effect sizes because of sig-

nificant heterogeneity (χ2 = 133.95, P< 0.00001, I2 = 95%). Treatment groups in Fig 7 showed

more significant improvement of diarrhea than control groups (SMD -1.10; 95% CI -1.95,

-0.25; P = 0.01).

Frequency of defecation score. In the included trials, seven described the situation of

defecation’s frequency [10, 12, 16, 20, 22, 28, 32]. Random-effect meta-analysis in Fig 8 indi-

cated that M-TXYF had positive effects on frequency of defecation changes (χ2 = 100.96,

P< 0.00001, I2 = 94%) (SMD -1.42; 95% CI -2.19, -0.65; P = 0.0003).

BSS score. Two included trials applied bowel symptom severity scale (BSS) to estimate the

severity of IBS-D symptoms [19, 24]. Considering the lack of enough numbers of literatures,

the overall BSS score were only qualitatively analyzed in order to avoid inaccurate and

Table 3. Clinical therapeutic efficacy, M-TXYF vs. RP.

Study Effective rate, % (efficacy/N) Therapeutic gain, % NNT OR (95% CI)

M-TXYF Positive medicine

An et al. 2017 (10) 96.9 (31/32) 75.0 (24/32) 21.9 4.6 10.33 (1.21, 88.36)

Chen et al. 2016 (11) 93.3 (28/30) 70.0 (21/30) 23.3 4.3 6.00 (1.17, 30.72)

Ge et al. 2016 (12) 93.5 (58/62) 71.0 (44/62) 22.5 4.4 5.93 (1.87, 18.77)

Ma et al. 2016 (13) 91.3 (21/23) 69.6 (16/23) 21.7 4.6 4.59 (0.84, 25.16)

Qian et al. 2016 (14) 96.7 (29/30) 76.7 (23/30) 20.0 5.0 8.83 (1.01, 76.96)

Li et al. 2015 (15) 90.0 (27/30) 73.3 (22/30) 16.7 6.0 3.27 (0.77, 13.83)

Li 2015 (16) 90.5 (38/42) 71.4 (30/42) 19.1 5.2 3.80 (1.11, 12.98)

Peng et al. 2014 (17) 88.9 (24/27) 65.2 (15/23) 23.7 4.2 4.27 (0.98, 18.66)

Wen et al. 2014 (18) 92.9 (39/42) 73.8 (31/42) 19.1 5.2 4.61 (1.18, 17.99)

Chen et al. 2014 (19) 82.8 (48/58) 77.6 (35/58) 5.2 19.2 3.15 (1.33, 7.46)

Zhang et al. 2014 (20) 90.7 (39/43) 69.0 (29/42) 21.7 4.6 5.98 (1.56, 22.90)

Tu 2013 (21) 96.4 (54/56) 93.8 (45/48) 2.6 38.5 1.80 (0.29, 11.25)

Wang et al. 2013 (22) 89.5 (43/48) 76.0 (38/50) 13.5 7.4 2.72 (0.88, 8.41)

Wang et al. 2012 (23) 93.3 (42/45) 75.6 (34/45) 17.7 5.6 4.53 (1.17, 17.55)

Tao et al. 2012 (24) 94.1 (64/68) 79.7 (51/64) 14.4 6.9 4.08 (1.25, 13.27)

Xu et al. 2011 (25) 98.1 (51/52) 79.0 (41/52) 19.1 5.2 13.68 (1.70, 110.40)

Zhang 2010 (26) 93.0 (37/40) 63.0 (25/40) 30.0 3.3 7.40 (1.94, 28.24)

Zhang et al. 2009 (27) 90.6 (48/53) 70.4 (38/54) 20.2 5.0 4.04 (1.36, 12.03)

Liang et al. 2009 (28) 85.0 (17/20) 45.0 (9/20) 40.0 2.5 6.93 (1.53, 31.38)

Pan et al. 2009 (29) 90.9 (70/77) 92.5 (37/40) -1.6 -62.5 0.81 (0.20, 3.32)

Gao et al. 2009 (30) 71.6 (53/74) 40.9 (9/22) 30.7 3.3 3.65 (1.36, 9.80)

Fang 2008 (31) 90.0 (36/40) 70.0 (28/40) 20.0 5.0 3.86 (1.12, 13.26)

Cai et al. 2006 (32) 86.7 (52/60) 77.4 (24/31) 9.3 10.8 1.90 (0.62, 5.83)

Pooled OR 90.3 (950/1052) 72.7 (669/920) 17.6 5.7 4.04 (3.09, 5.27)

NNT, number needed to treat; OR, odds ratio.

https://doi.org/10.1371/journal.pone.0192319.t003
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Fig 4. Funnel plot analysis of clinical therapeutic efficacy.

https://doi.org/10.1371/journal.pone.0192319.g004

Fig 5. Forest plot of abdominal pain.

https://doi.org/10.1371/journal.pone.0192319.g005
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unreliable outcomes. But in improving bowel symptom severity, the experiment groups had

potentially superior to the control groups.

QOL scale. Four qualified literatures reported health-related quality of life (QOL) [16, 19,

24, 27]. One used the Chinese version of the short form 36 (SF-36) which was validated in

Hong Kong [24]. Another one used QOL scale whose contents contained psychological and

physical dimensions, and social adaptability [16]. The remaining two studies used IBS-QOL

which was authorized by Patrick et al. [19, 27]. Although the four literatures elaborated differ-

ent ingredients of QOL scale, they all showed that M-TXYF could significantly improve

health-related QOL.

Safety evaluation

Twelve studies assessed the safety of M-TXYF in the course of treatment [10, 12–14, 17–20, 23,

28, 30, 31]. One trial reported 2 cases of nausea occurred in the experiment group and 10 cases

of adverse reactions (4 for nausea, 4 for local skin rash, and 2 for abdominal discomfort)

occurred in the control group [12]. In addition, although one trial reported 4 cases of side

effects (2 for constipation, 1 for nausea, and 1 for dry mouth) occurred in the control group

[19], all of these side effects spontaneously disappeared after the treatment session. Besides, the

Fang study reported 1 case of nausea occurred in the experiment group and 6 cases of adverse

effects (2 for constipation, 2 for nausea, and 2 for skin rash) occurred in the control group

[31]. But these side effects did not have impact on the experimental process. In addition, nine

trials had no adverse reactions during M-TXYF treatment [10, 13, 14, 17, 18, 20, 23, 28, 30].

Fig 6. Forest plot of abdominal distention.

https://doi.org/10.1371/journal.pone.0192319.g006

Fig 7. Forest plot of diarrhea.

https://doi.org/10.1371/journal.pone.0192319.g007
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Discussion

This meta-analysis concluded that M-TXYF could exhibit better clinical therapeutic efficacy

than RP. And compared with control groups, M-TXYF showed significant reduction of scores

in secondary outcome measurements. In addition, the Li et al. study [15] reported cognitive-

behavior treatment based on M-TXYF, which aimed at propagandizing cognitive education

to patients. However, all of the included studies indicated that publication bias potentially

existed. In addition, although there were three trials [12, 19, 31] appeared mild adverse effects

in treatment course, these did not exert negative influence on the treatment of IBS-D.

Results of this meta-analysis have validated that RP could effectively improve the symptoms

of this disorder [37–39]. However, M-TXYF may be more superior to RP in the reduction of

symptom scores, with therapeutic gains over these RP of 17.6% and NNT = 5.7. The reported

NNT offered by otilonium was 7 and by combining otilonium with alverine/simethicone was 8

[40]. In other words, M-TXYF is more likely to show better clinical therapeutic efficacy than

otilonium or combined with alverine/simethicone for IBS-D. Therefore, multi-center, ran-

domized, and double-blind trials which are to assess the efficacy and safety of M-TXYF for

IBS-D should be worthy of further research.

IBS pathophysiology remains inadequately explained [39, 40]. Numerous mechanisms indi-

cated that IBS was associated with altered colonic motility, abnormal colonic flora, visceral

hypersensitivity, inflammation, and psychological factors [41–44]. A substantial number of

modern pharmacological studies have verified the clinical effectiveness of TXYF for IBS-D.

Experimental investigation has elucidated that TXYF can effectively alleviate abdominal pain

and diarrhea symptoms of IBS-D rats, whose mechanisms may be achieved through adjusting

the colonic mucosa ion channels, changing colon dynamics of the colon and further affecting

the secretion and absorption of colonic mucosa [45, 46]. In addition, some research data have

shown that TXYF can significantly neutralize emotions and reduce visceral sensory hypersen-

sitivity by regulating brain-gut interaction and the expression of cellular oncogene fos (c-fos)

mRNA, 5-HT4 mRNA, somatostatin (SS), and plasma vasoactive intestinal peptide (VIP) in

gastrointestinal hormones in human beings or rats with IBS-D [47–50]. To acquire more con-

crete and detailed mechanisms, further studies should be conducted in vitro and in vivo of

TXYF or M-TXYF for IBS-D.

The methodological quality of included trials was general moderate. Furthermore, the

potential risk of bias in our study was possibly derived from three fields. First, blinding was

not adopted for most included trials, making participants realized which treatment they were

taken and resulting in the emergence of performance and detection biases. Second, only two

Fig 8. Forest plot of frequency of defecation.

https://doi.org/10.1371/journal.pone.0192319.g008
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studies conducted allocation concealment [17, 25]. Therefore, investigators and patients were

easily conscious of which group they were allocated to, thereby causing inevitable selection

bias. Finally, as for withdrawals and dropouts, only three studies conducted intention-to-treat

(ITT) analysis [17, 19, 30], which may generate half-baked outcome data. In addition, based

on equivalence trial principles [51] in the Tao et al. study [25], there were eight patients

excluded, but the concrete reasons why these patients dropped out were not elaborated.

Besides, there were three patients withdrew in the Zhang et al. study [27]. One was on business

after receiving treatment. Another thought it was inconveniences for him to decoct and take

Chinese medicine. The third one was examined for colorectal polyps after entering the group.

In a word, most of these studies lacked ITT analysis, leading to incomplete outcome data and

increasing the risk of attrition bias.

Limitations of this meta-analysis were as follows. First, the populations of included studies

were Chinese, not involving foreigners. This geographically limited distribution could also

result in publication and cultural biases in IBS diagnosis. Moreover, due to the diversities of

diet structure and lifestyle among them, it was hard to popularize the efficacy of M-TXYF for

IBS-D throughout the world. In addition, most of the qualified studies were single centers and

small sample sizes. Therefore, the efficacy of M-TXYF applied to future multi-center and

large-scale trials should await further proof. Next, although all Chinese herbal formulas in

experiment group were based on TXYF, all formulas included different additional herb(s).

Therefore, because of a lack of standardization, these differences may result in different

patients taking different ingredient decoctions, thus affecting effectiveness. Moreover, these

Chinese medicinal herbs were purely natural. Meanwhile, variation in the herbs themselves,

including source and preparation, might be the source of heterogeneous. Finally, IBS, as a

chronic recurrent disease, should take adequate treatment durations and follow-up periods

into consideration. However, treatment courses in the most studies reviewed here were three

to four weeks, which was too short to assess the long-term efficacy and safety of M-TXYF for

IBS-D. Although eight included trials reported the follow-up visits [14, 17, 19, 21, 24, 27–29],

all of them only evaluated short- or medium-term efficacy of M-TXYF for IBS-D. Further-

more, because of the characteristics of IBS, long-term follow-up visits played a significant role

in this chronic disease. Therefore, sufficient time for follow-up visits should be essential to

accurately evaluate the efficacy and safety of M-TXYF.

Conclusions

The meta-analysis indicates that M-TXYF could be superior to RP in treating IBS-D. Mean-

while, it can also potentially reduce the scores of abdominal pain, abdominal distention, diar-

rhea and frequency of defecation. Although M-TXYF is safe in short- and medium-term trials,

there is no strong evidence to verify its efficacy in treating IBS for long term. Therefore, recom-

mendations of specific M-TXYF for IBS-D cannot be made at present and these results should

be interpreted with great caution. Furthermore, highly believable evidences are required, as

well as well-designed, large-scale, multi-center, randomized controlled and double-blinded

trials.
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