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Abstract

Background: Shenling Baizhu San (SBS), a well-known Chinese medicine herbal formula, has been widely used for treating
chronic diarrhea for thousands of years. However, the efficacy and safety of SBS in treating chronic diarrhea have not
been fully assessed. Objective: This study evaluates the efficacy and safety of the herbal formula SBS in symptomatic
relief of chronic diarrhea. Methods: English and Chinese language databases (PubMed, Cochrane Library, China National
Knowledge Infrastructure, China Science and Technology Journal Database, Wanfang Data, and SinoMed electronic
databases) were searched through April 2020 for relevant randomized controlled trials (RCTs). The outcomes in these
RCTs included stool frequency, stool consistency, patient-reported satisfaction of chronic diarrhea treatment, quality of
life and adverse events. Paired reviewers independently extracted data and conducted qualitative and quantitative analyses.
The Cochrane revised risk of bias RoB-2 tool was applied to assess the risk of bias for each trial whereas the RevMan 5.3
software was used for outcomes data synthesis and meta-analysis. Mean difference (MD) and the 95% confidence interval
(Cl) were used to measure continuous data. The dichotomous data were analyzed via the relative risk (RR) with 95% Cls.
Results: Fourteen RCTs including | 158 participants (54% males) with chronic diarrhea were included. Shenling Baizhu
San combined with or without conventional medicine (CM) was associated with greater patient-reported satisfaction
than CM alone. There was no increased risk of adverse events (AEs) during treatment. Conclusion: Treatment with
SBS was associated with significant improvement in patient-reported satisfaction, irrespective of conventional medicine
use. Rigorous and powered RCTs with objective outcome measures are needed to confirm the effects of SBS in specific

gastrointestinal disease populations with chronic diarrhea symptoms.
Systematic review registration number (PROSPERO): CRD42020178073
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effects™ and unsatisfactory treatment effect.’”® In recent
years, an increasing number of patients have sought

Introduction

Chronic diarrhea is defined as loose/watery stools with
increased frequency (=3 times/200g per day) persisting
longer than 4 weeks,! and affects up to 5% of the global
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population.>* A key element in standard of care is the iden-
tification and treatment of any underlying etiology. In addi-
tion, symptomatic relief of diarrhea should be provided
when clinically appropriate, as per clinical practice guide-
lines from the American Gastroenterological Association—
for example, using opiates to slow down intestinal peristalsis
and prolong the time of fluid absorption.>* However,
opiates and adsorbents have limitations, including adverse
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Table |I. Constituent Herbs of Shenling Baizhu San.

Scientific name

Latin pharmaceutical name

Chinese name Part of herb used

Panax ginseng C. A. Mey.

Poria cocos F. A. Wolf

Atractylodes macrocephala Koidz.

Glycyrrhiza uralensis Fisch.

Dolichos lablab L.

Dioscorea opposita Thunb.

Nelumbo nucifera Gaertn.

Platycodon grandifloras (Jacq.) A. DC.

Amomum villosum Lour.

Coix lacryma-jobi L. var. ma-yuen (Roman.) Stapf

Ginseng Radix

Poria Sclerotium
Atractylodis Rhizoma Alba
Glycyrrhizae Radix
Dolichorus Lablab Semen
Dioscoreae Rhizoma
Nelumbinis Semen
Platycodi Radix

Amomi Fructus

Coicis Semen

Ren Shen Root

Fu Ling Sclerotium
Bai Zhu Rhizome
Gan Cao Root

Bai Bian Dou Seed

Shan Yao Rhizome
Lian Zi Seed

Jie Geng Root

Sha Ren Fructus

Yi Yi Ren Seed

complementary treatments, such as herbal formulas and
dietary supplements, to alleviate chronic diarrhea.®!°

Herbal formulas have a long history of use for relieving
gastrointestinal symptoms.'"*!? One such formula, Shenling
Baizhu San (SBS, Ginseng and Atractylodes Formula,
Samryungbackchul-san in Korean; Jinryobyakujutsu-san in
Japanese), is frequently used for chronic diarrhea by clini-
cians in the Asia-Pacific region.!>!* The classic SBS for-
mula is composed of 10 herbs (Table 1) but in clinical
practice, minor modifications may be made based on a
patient’s presentation. In addition to its clinical use, research
shows that components of SBS may alleviate intestinal
inflammation and alter the gut microbiome to improve
water absorption and diarrhea.!!7

Shenling Baizhu San has been evaluated in clinical stud-
ies as a treatment for patients with chronic diarrhea.!®!3
Evidence of efficacy, however, is mixed. A systematic
review of currently available data, and a pooled analysis of
efficacy and safety data from RCTs can help inform clinical
practice. Here we summarize the current clinical evidence
for SBS in the management of chronic diarrhea.

Methods

This study was
(CRD42020178073).

registered under PROSPERO

Eligibility Criteria

This review included RCTs published in any language. The
interventions include SBS, with or without modifications,
used alone or in combination with conventional medicine.
Studies where SBS was combined with non-conventional
therapies, such as acupuncture, massage, far infra-red phys-
ical therapy, thermotherapy, magnetic therapy, or pulse
physical therapy were excluded. Studies that compared the
effects of different modifications of SBS were also excluded
as this is not the focus of this review. Our primary outcomes
were stool frequency (measured by the exact number of

defecations recorded per day) and stool consistency
(changes from baseline assessed using the Bristol Stool
Form Scale). Secondary outcomes were: (1) patient-
reported satisfaction of chronic diarrhea treatment (percent-
age of patients who reported satisfaction of recovery from
chronic diarrhea measured by either “cured cases” or
“symptom relief rate” in the outcomes of included RCTs);
(2) quality of life (score change from baseline); and (3)
AEs.

Search Strategy, Study Selection, and Data
Extraction

A literature search was conducted using PubMed,
Cochrane  Library, China National Knowledge
Infrastructure (CNKI), China Science and Technology
Journal Database (VIP Data), Wanfang Data, and SinoMed
electronic databases through April 20th, 2020 with no lan-
guage restrictions. Chinese translations of the search terms
were used for Chinese databases. Two reviewers (HW and
YNH) assessed the eligibility of each record. Initially, the
title and abstract were screened. Studies that were not
RCTs, did not include data on human subjects, chronic
diarrhea, or orally administered pharmaceuticals, as well
as those that did not refer to SBS or modified SBS were
excluded at this stage. Further, the literature search has
been updated to August 30th, 2021, and eligibility screen-
ing was assessed in reading the full text with the same
criteria. Any disagreements over the selection of studies
were resolved by a third reviewer (MXY). Detailed data
were extracted from each study using a data-extraction
form predefined by RevMan 5.3.

Risk-of-Bias Assessment

The risk of bias for each study was assessed independently
by 2 reviewers (HW and YNH) using the Cochrane revised
risk-of-bias RoB-2 tool. Before assessing, the reviewers
were trained, and milestones and quality checks were
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a Literature search in PubMed,
.g Cochrane Library, China National
g ige Infrastructure, g Duplicated records removed
£ Data, China Science and Technology (n=2217) ‘
é Journal Database, SinoMed
- (n=5651)
.E ‘ Remrds(:ie;';(; by title I—bl Records removed (n = 3053) |
1
3
‘ Records sc(r:e:;: 1!))y abstract H Records removed (n = 224) |
. |
3 Full-text articles assessed for Full-text articles excluded (n = 143)
i) eligibility —>{ 1. Discordant data (n = 3)
o (n=157) 2. Duplicate article (n = 2)
3. Improper comparison (n = 3)
4. Improper outcome (n = 26)
5. Animal studies (n = 5)
6. Not chronic diarrhea studies
3 Studies included in qualitative (n=37)
S analysis and quantitative synthesis 7. Not randomized controlled trial
2 (n=14) (n=12)
- 8. Not Shen Ling Bai Zhu San (n = 35)
9. Not conventional medicine (n = 20)

Figure |. Flow diagram of systematic review.

Study process from the initial literature search to the final quantitative
analysis. The number of studies included and excluded, and the reasons
have been detailed.

reviewed by a senior researcher (MXY). Any disagreements
were resolved by a third reviewer (MXY).

Statistical Analysis

The extracted efficacy data were entered in RevMan 5.3 for
data synthesis and meta-analysis. Continuous data were
analyzed using the mean difference (MD) and the 95% con-
fidence interval (CI). Dichotomous data were analyzed
using the relative risk (RR) with 95% Cls; and P <.05 indi-
cated statistical significance according to the Cochrane
Handbook.'" For each pooled analysis, a heterogeneity test
was performed using the chi-square statistic. The fixed-
effect model was utilized to perform meta-analysis, except
when 2>50%. In such a case, the random-effect model
was used. When substantial heterogeneity was found, a sub-
group or sensitivity analysis was carried out to identify the
cause.?’ Possible publication bias was determined with a
funnel plot test if 10 or more studies were included in 1
meta-analysis. A descriptive report was made for any unde-
termined sources of heterogeneity.

Results

Search Results

The initial database search yielded 5651 records. After
screening the titles and abstracts, 157 full-text studies were
further evaluated for eligibility criteria. In total, 14 trials
met the inclusion criteria (Figure 1).

Study Characteristics

This study included 14 RCTs with a total of 1158 partici-
pants (54% males) from South Korea!® and China.?!-3* The
sample size of each trial was relatively small with the larg-
est including 150 participants.?® Among the 1158 adults
who met the chronic diarrhea definition, 605 (52% males)
were diagnosed with diarrhea-predominant irritable bowel
syndrome according to ROME 11l guidelines !3222425.28.31-33,
and 148 (59% males) were diagnosed with ulcerative colitis
based on the Chinese Medical Association guidelines.?!?’
The remaining 405 (59% males) participants had no spe-
cific diagnosis.?3262%3% The duration of diarrhea ranged
from 4 weeks to 2 decades.

Shenling Baizhu San was administrated as an interven-
tion in the form of concentrated granules,!3**233132 pat-
ented herbal medicine,”' and herbal decoction.??%326-30.32
Only 1 trial used a standardized extract whose quality was
ensured using a high-performance liquid chromatography
array.'> Four trials'3?12>3 used the classic SBS formula
while 10 trials?*242632 ysed modified SBS formulas. The
duration of treatment ranged from 10 days® to 24 weeks.?’
The comparators in the 14 included trials were pinaverium
bromide,??3'3? mesalazine,”!?” otilonium bromide,"
paroxetine,?* norfloxacin,?® montmorillonite,?>%3%33 syl-
fasalazine,? trimebutine maleate,® and placebo.!® Patient-
reported satisfaction, AEs, and quality of life were reported
as clinical outcomes. All studies were conducted in a real-
world clinical setting, including both outpatient and
inpatient hospital departments. The main characteristics of
the included studies are summarized in Table 2.

Quality Assessment

Based on the RoB-2 tool, the risk of bias associated with
each outcome is reported individually (Figure 2a—c). One
study reported stool frequency and stool consistency but
was associated with concerns of risk of bias. The bias was
mainly caused by an inadequate randomization process and/
or improper outcome measurement, or improper reporting
of results. For quality of life, the overall risk of bias was
low, although only 1 study evaluated quality of life.!* Both
patient-reported satisfaction and AEs were associated with
high risk of bias, especially in the missing data, blinding
assessment, and outcome reporting domains. Considerable
bias also originated from the randomization process.

Outcome Measures

Stool frequency and stool consistency. We chose stool fre-
quency and stool consistency as our primary outcomes
because they are objective measurements. Only one of
the 14 studies included in this analysis reported these
outcomes.
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Figure 2. Risk-of-bias assessments using the revised Cochrane Risk-of-Bias 2 tool.

“Traffic light” plots of the domain-level judgments for each individual outcome, and weighted bar plots of the distribution of risk-of-bias judgments
within each bias domain. Judgments ranged mostly in the yellow and red colors, reflecting “some concerns” and “high” risk of bias, respectively; “low”
risk is represented by the green color. Figure 2a shows the risk-of-bias diagrams of included studies with patient-reported satisfaction as the outcome,
comparing SBS alone versus conventional medicine; Figure 2b shows the risk-of-bias diagrams of included studies with patient-reported satisfaction as
the outcome, comparing SBS with conventional medicine versus conventional medicine alone; and Figure 2c shows the risk-of-bias diagrams of included
studies with adverse events; Included studies with patient-reported satisfaction (PRS) comparing SBS alone versus conventional medicine; @Included
studies with patient-reported satisfaction (PRS) comparing SBS with conventional medicine versus conventional medicine alone; ®Included studies with
adverse events (AE).

113

Lee etal,'” using a 2 X 2 design of SBS or otilonium bro- medicine (RR, 2.34; 95% CI, 1.84-2.97; P<.00001;

mide (OB) versus placebo SBS or placebo OB, did not find
statistically significant improvement in stool frequency
between the SBS and placebo SBS group but reported a
significant difference in stool consistency during week
12 (SBS + OB: -1.33*+0.59; SBS + placebo OB:
—1.41 = 0.94; placebo SBS + OB: —0.65 +0.61; placebo
SBS + placebo OB: —0.80 =0.68; P=.003) using the
Bristol Stool Form Chart scale.

Patient-reported satisfaction with chronic diarrhea treatment.
Pooled analysis from § trials'3?23:25:2629-31 showed SBS
alone is associated with improved patient-reported satisfac-
tion in chronic diarrhea treatment compared to conventional

P=0%) (Figure 3a). Further analysis from 5 trials!32428:32.33
indicated that SBS in combination with conventional medi-
cine is associated with improved patient-reported satisfac-
tion in chronic diarrhea treatment compared to conventional
medicine alone (RR, 2.15; 95% CI, 1.40-3.29; P=.0004;

=0%) (Figure 3b). Heterogeneity test findings are consis-
tent across all trials showing no significant heterogeneity.
Of the 14 included studies, only Lee et al'® used placebo
control. The study found that SBS was more likely to posi-
tively affect patient-reported satisfaction compared with
placebo at week 4 follow-up (P=0.049); however, the effect
was not statistically significant at the end of the 8-week
study period. Publication bias with funnel plot test was not
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Ma 2012 37 75 12 75 181%  3.08(1.75,5.44) —_——
Wang 2019 22 47 12 47 181%  1.83(1.03,3.26)
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Testfor overall effect: Z= 2.61 (P = 0.009) W el W@

Figure 3. Forest plot of patient-reported satisfaction and adverse events.

Forest plot of patient-reported satisfaction comparing SBS with conventional medicine. In both Figure 3a and b, the black diamond is to the right of
the vertical line of null effect, suggesting that SBS use, regardless of conventional medicine, results in significantly better patient-reported satisfaction
than conventional medicine by itself. Figure 3b is the forest plot of patient-reported satisfaction comparing SBS with conventional medicine versus
conventional medicine alone. Figure 3c is the forest plot of AEs of SBS versus no SBS. The black diamond is to the left side of the vertical line of null

effect suggesting that SBS does not increase the risk of AEs.
Abbreviations: CM, conventional medicine; SBS, Shenling Baizhu San.

conducted because fewer than 10 studies were included in
each meta-analysis.

Qudlity of life. Lee et al'? also reported quality of life as 1 of
8 items in secondary outcomes. The study did not find
statistically significant difference when comparing SBS
without otilonium bromide versus SBS with otilonium

bromide versus placebo (MD, —2.71 =2.37, =3.17 = 2.28,
—2.44 = 2.03, respectively P> .05).

Adverse events (AEs). Pooled analysis from 9 trials!*2!:25.27-32
indicated that SBS is not associated with a higher risk of
AEs compared with no SBS (OR, 0.49; 95% CI, 0.28-0.84;
P=.009; ?=0%) (Figure 3c). However, Lee et al'* reported
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serious AEs with 1 case of elevated alanine transaminase in
the otilonium bromide plus placebo SBS group, and 2 cases
of abdominal pain or fever in the placebo otilonium plus
placebo SBS group although the differences between the
groups were statistically insignificant (P> .05).

Discussion

Management of chronic diarrhea remains a challenge for
clinicians due to patients’ incomplete clinical response to
treatment and adverse effects of long-term conventional
medicine use. This systematic review analyzed data from
14 RCTs with 1158 participants who had experienced
chronic diarrhea for more than 4 weeks. The results show
that compared to conventional medicines, treatment with
SBS alone or SBS combined with conventional medicines
significantly improved patient-reported satisfaction.
Furthermore, pooled analysis of safety data showed that
SBS did not significantly increase AEs compared with no
SBS. However, only 1 trial included our predefined major
outcomes—stool frequency and stool consistency— indicat-
ing insufficient evidence for determining the effects of SBS
on the above outcomes in patients with chronic diarrhea.
Although the secondary outcomes of quality of life, satisfac-
tion of symptom recovery, and AEs were collectively evalu-
ated across the included trials, qualitative assessment
revealed that these outcomes were associated with at least
moderate risk of bias due to methodological limitations.

Clinical Implications

Although no current clinical practice guidelines recom-
mend herbal medicines as therapeutics for chronic diarrhea,
several studies provide evidence of chronic diarrhea symp-
tom improvement with herbal medicine use. One system-
atic review suggests that single herb preparations (curcumin,
desert Indian wheat, and wormwood) may improve diar-
rhea-related symptoms such as chronic diarrhea in patients
with gastrointestinal disease.” An RCT reported that when
compared to placebo, the herbal formula Tong Xie Yao
Fang can reduce stool frequency and improve stool consis-
tency in patients with diarrhea-predominant irritable bowel
syndrome.** In the first systematic review to focus on the
herbal formula SBS, we report here that available data favor
SBS in significantly improving patient-reported satisfaction
of chronic diarrhea treatment—with no increased occur-
rence of AEs regardless of concurrent use of conventional
medicine. We also found insufficient direct evidence link-
ing SBS to improvement in the objective outcome of stool
frequency. SBS may improve stool consistency, although
there was only 1 study that reported this endpoint.
Mechanistic studies have shown that SBS can modulate
the composition of gut microbiota®> and intestinal absorption
as well as the mucosal ultrastructure.>® Components of SBS,

such as Panax ginseng and Atractylodes macrocephala,
exhibit numerous biologic effects: Polysaccharides in Panax
ginseng can regulate immune cells®’ and promote recovery
of mucosa.’® Atractylenolide III helps attenuate inflam-
mation associated with 2,4,6-trinitrobenzenesulfonic
acid-induced colitis.*® In addition, Lv et al'®*® reported
that SBS can enhance the richness and diversity of intes-
tinal microbiota, increase acid metabolism, and reduce diar-
rhea-related intestinal, immune and infectious diseases.

Based on previous clinical evidence, pathophysiological
findings, and evidence synthesized by the current study,
SBS appears to be a promising option in the overall man-
agement of chronic diarrhea, especially when patient satis-
faction is concerned.

Research Implications

This study also revealed methodological issues which
should be addressed in future SBS clinical research to
obtain more generalizable evidence for the use of SBS in
patients with chronic diarrhea. First, most studies are under-
powered, and thus, further validation of the effect in an
adequately powered sample is needed; and RCT guidelines
on randomization and allocation concealment should be fol-
lowed. Second, diarrhea caused by either functional or
organic etiologies is a symptom that is seen in various gas-
trointestinal disorders. In order to generate generalizable
clinical evidence, clinical trials must use the global diag-
nostic code of gastrointestinal disease under which chronic
diarrhea presents in order to reduce heterogeneity and
ambiguity of evidence.? Third, a standardized SBS inter-
vention with uniform ingredients and dosing regimen is
needed to eliminate intervention inconsistencies.*! Fourth,
a valid placebo for SBS should be developed and used
consistently.*! Only 1 trial included in this analysis used a
placebo SBS. However, there were validity concerns due
to the use of lactose, an ingredient which can affect the
digestive system of chronic diarrhea patients.'> Finally,
more targeted and specific outcome measures, such as
abdominal pain intensity and stool consistency, should be
used as primary endpoints, as per the United States Food
and Drug Administration guidance to industry for treating
irritable bowel syndrome with diarrhea.*?

Limitations and Strengths

There are several limitations in this study. First, the inclu-
sion of different disease populations with chronic diarrhea
symptoms increased heterogeneity, which may hinder the
interpretation of data and inhibit the translation of evidence
into clinical practice. Further subgroup analysis based on
disease category may help address this issue, but it is
methodologically limited due to the inadequate number of
studies included. Consequently, further in-depth analyses of
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efficacy data pertinent to clinical practice, such as the opti-
mal treatment dose, administration approaches, and the
effectiveness of SBS in comparison with different sub-
classes of conventional medications, have not been system-
atically performed, reiterating the need to produce more
quality data in the future.

The strength of this study is that it synthesized data from
clinical trials to provide efficacy and safety evidence of
1 herbal treatment, SBS, for symptom management of
chronic diarrhea rather than investigating several single
herbs done in previous studies. This study also focuses on
the clinical effectiveness of SBS for symptom relief of
chronic diarrhea in real-world practice rather than in an
experimental setting.

Conclusion

Shenling Baizhu San is a promising option in the overall
management of chronic diarrhea. Current evidence suggests
that it may substantially improve patient satisfaction with
chronic diarrhea treatment irrespective of conventional
medication use. However, the methodological limitations of
studies included in this review do not allow for a definitive
conclusion on SBS’s effects in reducing stool frequency and
consistency in patients experiencing chronic diarrhea. More
high-quality RCTs are warranted to evaluate the efficacy of
SBS in specific gastrointestinal disease populations with
chronic diarrhea symptoms.
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