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Abstract

Background Berberine is an isoquinoline alkaloid isolated from Chinese herb coptis chinensis and other berberis
plants which can be used to treat a wide range of chronic diseases. However, the current research evidence on the
therapeutic effects of berberine has not been summarized. We aimed to synthesize the current evidence on the
systematic review (SRs) of berberine for the treatment of diverse conditions.

Methods A comprehensive search of the Cochrane Library, PubMed, EMBASE, Web of Science, CNKI, Wanfang, VIP,
and SinoMed was performed from the database inception to April 11, 2024. SRs on berberine were included and
evaluated. The methodological quality and the reporting quality of each SR were assessed using the AMSTAR-2 tool
and PRISMA checklist, respectively. The quality of evidence was appraised based on the GRADE.

Results Fifty-four SRs were included and analyzed. Overall, associations were found between berberine and 70
health outcomes concerned with 9 diseases. Berberine has improved most outcomes of these diseases: 78% (25/32)
cardiovascular disease outcomes, 92.59% (25/27) type 2 diabetes mellitus outcomes, 94.74% (18/19) gastrointestinal
disorders outcomes, 72.22% (13/18) polycystic ovary syndrome (PCOS) outcomes, 86.67% (13/15) non-alcoholic
fatty liver disease (NAFLD) outcomes, 92.31% (12/13) schizophrenia outcomes, 90.91% (10/11) metabolic syndrome
outcomes, 57.14% (4/7) obesity outcomes, and 100.00% (6/6) dyslipidemia outcomes. There was a high overlap

of primary studies (CCA > 15%) in the SRs of PCOS, NAFLD, obesity, and schizophrenia. Only one SR was rated as

high quality while eight SRs were rated as low quality and forty-five SRs as very low quality according to AMSTAR-2.
Regarding the reporting quality, Item 14, 15, 21, and 22 were poorly reported for the included SRs in terms of PRSMA
assessment. For GRADE, eight outcomes were rated as high quality evidence, twenty-two outcomes were rated as
moderate quality, and 110 outcomes were rated as low quality.

Conclusion Current evidence suggests that berberine has beneficial effects on a range of health outcomes for
people with chronic diseases. Specifically, berberine significantly improves type 2 diabetes, gastrointestinal disorders,
schizophrenia, metabolic syndrome, and dyslipidemia outcomes. However, caution is needed considering the
shortcomings in the quality of the relevant system reviews included.
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Background

The Global Burden of Disease Survey shows that the
prevalence of various chronic diseases has remained
high for a long time with a trend to increase yearly [1].
Chronic diseases constitute the leading global mortal-
ity factor, imposing substantial public health burdens
through their progressive, irreversible nature while
consuming significant healthcare resources. First-line
treatments for chronic diseases remain challenged by
treatment resistance, adverse effects, and disease pro-
gression requiring prolonged pharmacotherapy, collec-
tively impairing patient quality of life [2]. Herbal extracts
have a high level of acceptance among patients, especially
in developing countries, where about 80% of the popu-
lation relies on traditional herbal medicines [3]. Herbal
medicines are relatively inexpensive as they are of natu-
ral origin and easily accessible. Plants have long been
recognized for their therapeutic properties throughout
human history [4]. Medicinal plants serve as an impor-
tant source for chemical entities supporting drug dis-
covery and a safe source of many active compounds for
pharmaceuticals [5] including cardiovascular diseases
(e.g., statins [6]) and multiple sclerosis (e.g. fingolimod
[7]). Many natural compounds, such as alkaloids, phen-
ylpropanoids, polyketides, terpenoids, etc., have been
proven to possess good clinical potential, viz., antitumor,
antimicrobial, antioxidant, immunosuppressant, antipro-
tozoal, and other effects. Most parts of plants have been
used as extracts and may possess anti-inflammatory and
antioxidant properties related to diseases such as dia-
betes, atherosclerosis, neurodegenerative, or cancer [8]
with different types of phytochemicals such as flavonoids,
vitamins, resveratrol, anthocyanin, curcumin, and phe-
nolic acid are often found in the plant-based medicines
[9].

Traditional Chinese medicine (TCM) has made use of
herbs and herbal extracts to treat a variety of diseases
and disorders for over 2000 years and herbal medicines
are regulated as drug products in China [10]. Chinese
herbs particularly together with routine treatment strat-
egy, which are proven beneficial in treating various kinds
of diseases. Numerous studies in China showed that vari-
ous herbs can treat chronic diseases comparable to or
even better than conventional chemical drugs. For exam-
ple, the symptoms of diabetic kidney disease by ophio-
cordyceps sinensis [11], disorders of carbohydrate and
lipid metabolism can be restored by schisandra chinensis
fruits [12], inhibiting the growth of breast cancer stem
cells by scutellarin [13], suppressing preadipocyte adip-
ogenic differentiation by epigallocatechin gallate [14],
improving rheumatoid arthritis by tripterygium wilfordii
Hook. f [15]., and reducing kidney damage in diabetic
kidney disease by quercetin [16, 17]. Among these herbs
that have significant therapeutic effects and are widely
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used, there is an herbal extract called berberine has been
extensively studied.

Berberine (BBR), extracted from the coptidis rhizoma,
is a quaternary ammonium isoquinoline alkaloid which
belongs to monomer compounds [18, 19]. It has been
investigated that BBR is widely utilized in diverse com-
plementary alternative medicine such as TCM, Ayurvedic
medicine, and Iranian medicine [20, 21]. Existing studies
elucidate that BBR exhibits pleiotropic biological effects
and can be extensively employed for the treatment of
type 2 diabetes mellitus (T2DM) [22], dyslipidemia [23],
metabolic syndrome [24], obesity [25], cardiovascular
disease [26], non-alcoholic fatty liver disease (NAFLD)
[27], gastrointestinal disease [28], polycystic ovary syn-
drome (PCOS) [29], schizophrenia [24], and other
chronic diseases. Among these diseases, dyslipidemia,
metabolic syndrome, cardiovascular disease, and NAFLD
are all associated with glucolipid metabolism [30-33].
Whereas T2DM, obesity, and gastrointestinal diseases
are not only associated with glycolipid metabolism, but
also have an equally strong association with gut micro-
biota [34, 35]. BBR directly activates AMP-activated pro-
tein kinase (AMPK), which is a well-known anti-diabetic
mechanism, while lipid metabolism is regulated by BBR
via the gut microbiota [36]. Therefore, both of them are
able to improve the health outcomes of the above men-
tioned diseases.

In recent years, high quality RCTs have been published
in studies on BBR [27, 37, 38]. Given the widespread clin-
ical use of BBR, many systematic reviews (SRs) have been
published to evaluate its efficacy and safety in diverse
conditions, including diabetes, cardiovascular disease,
and NAFLD [26, 39, 40]. However, in the absence of a
comprehensive synthesis of these reviews, the landscape
of which health outcomes BBR improves and to what
extent is currently unclear. To bridge this gap in evi-
dence and contribute to the ongoing discussion on the
mechanisms of role of BBR in chronic diseases, we did
an overview to provide a comprehensive summary of SRs
of BBR for the sake of exploring its efficacy in a range of
conditions.

Methods

It is an overview of SRs of this study. This overview was
reported according to the preferred reporting items
for overviews of reviews (PRIOR) statement [41]. The
protocol was prospectively registered on PROSPERO
(CRD42023482895) before initiating the search process,
ensuring transparency and consistency in the review
process.

Search strategy
The databases of human SRs published in Chinese or
English were searched; Chinese databases included
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Chinese National Knowledge Infrastructure (CNKI),
Wanfang Database, VIP Database, and SinoMed; Eng-
lish databases included Cochrane Library, PubMed,
EMBASE, and Web of Science. The first search was per-
formed on 13 October 2023, and the updated search was
completed on 11 April 2024 to capture any additional
reviews. Reference lists of eligible studies were also scru-
tinized. The full search strategy and search terms are pro-
vided in the Supplementary File 1.

Eligibility criteria

The eligibility criteria followed the PICOS (popula-
tion, intervention, comparison/control, outcome, study
design) framework. Inclusion encompassed SRs targeted
the efficacy of BBR, regardless of the specific condi-
tion being addressed. The interventions of the included
reviews were required to use BBR. No constraints were
imposed on the comparison/control or outcomes.
Regarding the types of studies included, only reviews
with human subjects were included in this review.

Study screening and selection

All of the retrieved studies were imported into EndNote
(Version X9; Clarivate Analytics). Following the removal
of duplicates, the titles and abstracts of potentially rel-
evant studies were screened against the predefined
inclusion criteria. Initially, a dual extraction process was
conducted by randomly selecting 15% of the studies ear-
marked for inclusion (W. Y. Wang and L.J. Shi). Upon
attaining an 80% consensus rate for consistency, subse-
quent extractions were carried out by a single reviewer
(L.J. Shi). Extracted data included general characteristics,
meta-analysis results, and conclusions derived from all
included SRs. The extracted data were subjected to dis-
cussion among the reviewing team to ensure consensus.

Assessment of reporting quality

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA 2020) [42] was applied to assess
the reporting quality of all SRs based on 27 items. Each
item could be assessed as “Yes” or “No” and its compli-
ance could be calculated. For each item, 1 point is given
for reporting “Yes” and 0 point for reporting “No”. For
each item, the number of SRs reporting “Yes” was divided
by the percentage of 54 SRs as the compliance for each
item. Item 10, 13, 16, 20, 23, and 24 of the PRISMA 2020
statement contained multiple sub-items. The average
score of the sub-items of each item was used as the total
score for that item. A total score of 21-27 indicated that
the report was relatively complete; a score of 15-21 sug-
gested that there were deficiencies in the report; and a
total score of less than 15 indicated that there were seri-
ous deficiencies in the report [43].
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Assessment of methodological quality

A MeaSurement Tool to Assess systematic Reviews
(AMSTAR 2) was utilized for evaluating methodological
quality, with assessment items categorized into critical
and non-critical domains [44]. AMSTAR 2 was applied
to assess the methodological quality based on 16 items.
Each item could be assessed as “Yes’, “Partial Yes’, or “No”
and 7 items were defined as critical items which could
mainly influence the quality of SRs. Overall confidence
rating of SR quality assessment results: “high” indicates
no or only one non-critical weakness; “medium” indicates
more than one non-critical weakness; “low” indicates
one critical flaw with or without non-critical weakness;
and “critically low” indicates more than one flaw with or
without non-critical weaknesses.

Assessment of evidence quality

For this review, the evidence quality of the included SRs
was assessed using Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE). The
GRADE facilitates the grading of evidence quality for
the validity of each outcome of SRs. Reasons for lower-
ing grades of evidence may result from factors includ-
ing limitations, inconsistency, indirectness, imprecision,
and publication bias [45]. Ultimately, each outcome was
graded as high, moderate, low, or very low quality.

Data extraction

One author (W. Y. Wang) undertook the extraction of
general characteristics and quality assessments of SRs,
with a subsequent accuracy check conducted by a sec-
ond author (C. Y. Jing). Any discrepancies were resolved
through consensus with a third author (X. Liao). The
extracted information included publication year, coun-
try, journal type, registration details, number of included
RCTs, participants, disease type, intervention and con-
trol specifics, outcome measures, quality assessment, and
results of meta analyses.

Data synthesis

Narrative analyses were used to summarize the general
characteristics of included overviews. The GROOVE tool
[46] was used to evaluate the degree of overlap in the pri-
mary studies between included SRs. Any primary study
included in each SR was shown in the citation matrix to
demonstrate the amount of study overlap. To mitigate
potential bias resulting from multiple primary studies
being included in more than one SR, a citation matrix
was constructed, and the corrected coverage area (CCA)
was calculated. The CCA serves to quantify the extent of
overlap among primary studies within the included SRs.
The calculation utilized the formula: CCA = (N-r) / (rc-
r), where N represents the total number of primary stud-
ies, including overlapping study recalculations, r denotes
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the total number of primary studies excluding overlap-
ping study recalculations, and ¢ indicates the total num-
ber of SRs. The resulting overlap rate was presented as a
percentage. Given the lack of restriction on disease types
in this study, conditions were grouped before calculat-
ing the overlap rate. The overlap rate was assessed as 0%
~ 5% for slight overlap, 6% ~ 10% for moderate overlap,
11% ~ 15% for high overlap, and 15% or more for very
high overlap [47].

Results

A total of 1676 records were initially identified through
electronic search methods. Following the removal of
324 duplicates, the remaining titles and abstracts were
screened. Subsequently, one hundred and forty SRs
were identified for full-text review. The final 54 SRs were
deemed suitable for inclusion in the analysis (Fig. 1).

Characteristics of included SRs

Among the 54 SRs, there is an increasing trend between
2012 and 2024, with the number of publications dou-
bling in the last four years (15 SRs published between
2016 and 2019 vs. 29 SRs published between 2020 and
2024). Of these, twenty-three SRs were published in Chi-
nese, whereas 31 were published in English. The primary
affiliations of the first authors were predominantly from
China (47, 87.04%), with additional contributions from
Iran (5, 9.26%) and the United States (2, 3.70%). Regard-
ing the quality of included primary studies in each SR,
three common tools were used including the Cochrane
risk of bias assessment tool (43, 79.62%), Jadad (12,
22.22%), and GRADE (9, 16.67%) as assessment tools.
Funding details were disclosed in 27 SRs (52.94%), while
others neither reported funding nor stated no financial
support explicitly (Table 1).

The detailed characteristics of the included SRs are
described in Supplementary File 2 Table S1. The num-
ber of participants included across the SRs was ranging
from 197 to 4616. A small portion of included SRs (15,
27.78%) registered their protocol, while most of the SRs
(39, 72.22%) neither registered nor disclosed their study
protocols which may reduce adherence to the reported
protocol. Interventions included in the SRs covered
three types: BBR as monotherapy (n=14), BBR in com-
bination with conventional medicine (#=16), and both
included (n=24). The control group consisted of con-
ventional medicine (n=27), placebo (n=6), or both
(n=15); yet, three SRs [39, 48, 49] reported that the con-
trol group included conventional medicine, placebo, and
no-treatment.

Related outcomes distributed in different conditions
The 54 SRs focused on nine conditions. The most com-
mon of these conditions was cardiovascular disease,
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involving 32 outcomes, among which BBR can improve
25 outcomes, while there was no statistical significance
for TC, IL-6, HDL-C, ALT, DBP, complement C3, and
complement C4 between BBR and the control group; fol-
lowed by T2DM, involving 32 outcomes, among which
BBR can improve 30 outcomes except for serum creati-
nine and blood urea nitrogen; and gastrointestinal dis-
ease, involving 19 outcomes, among which BBR could
improve 17 outcomes except for incidence of Abdominal
distention and incidence of vomiting; and PCOS, involv-
ing 18 outcomes, among which BBR could improve 13
outcomes except for HOMA-IR, follicle-stimulating
hormone, AE, ER, and live birth. For NAFLD, 15 out-
comes were involved, among which BBR could improve
15 outcomes except for FBG/FPG and AST. BBR for
schizophrenia involved 13 outcomes, among which only
one outcome (apolipoprotein Al) showed no statisti-
cal significance for BBR. In addition, 11 outcomes were
measured in the metabolic syndrome and BBR showed
statistical significance on interleukin-1. BBR for the
treatment of obesity involved 7 outcomes, with positive
effects on BMI, WC, BW, and CRP. And then for dyslip-
idemia, involving 6 outcomes, all of which were improved
by BBR. Detailed results are presented in Supplementary
File 3 Table S2-10. Figure 2 illustrates the 10 most fre-
quently reported effective outcomes for each condition.

Overlap of primary studies across the included SRs.

Considering the largest number of SRs on T2DM
included, the overlap calculation of the primary studies
across the included SR was demonstrated in Fig. 3. The
overlap calculation for other conditions are presented
in Supplementary File 4 Figure S1-10 and Table S11-20.
Overlap percentages for various conditions ranged from
slight (2.56% for cardiovascular disease) to high (40.00%
for obesity).

Methodological quality of reviews

Figure 4 summarized the detailed results of the meth-
odological quality assessment of 54 SRs, including the
assessment of individual items and summary assessment.
Of the 54 reviews, 45 (83.3%) were judged critically low,
8 low (14.81%), and one high (1.85%). The shortcomings
identified mainly included: no information on the fund-
ing of the studies included in the review (98.15%), lacking
a protocol (74.07%), and no reporting of the reasons for
exclusion (70.37%). However, the review authors applied
a formal tool to assess the risk of bias of primary studies
(94.44%) and appropriate methods for statistical combi-
nation of results (100.00%).

Reporting quality of reviews

The reporting quality was shown in Supplementary File
5 Table S12 and Fig. 5. According to our predefined cri-
teria, among the 54 included SRs, the quality of 11 SRs
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Identification of studies via databases and registers

Identification

Records identified from Databases (n=1676 ):
CNKI (n=161). Wanfang (n=889). VIP (n=58). CBM (n=47). PubMed (n=97). Embase
(n=290). Cochrane (n=0). Web of Science (n=134)

h 4

Records screened (n=1352)

Screening

h 4

Reports assessed for eligibility
(n =140)

Records removed before screening:
Duplicate records removed (n=324)

Records excluded (n=1212):
Protocol (n=5)
Animal experiments (n=133)
Abstract (n=4)
Review (n=58)
Clinical trail (n=6)
Non-BBR (n=881 )
Pharmacological Research (n=125)

A 4

Studies included in review
(n =54)

Included

Fig. 1 Flow chart of literature search

was rated as relatively complete while the other 36 SRs
and 7 SRs were rated as deficient and seriously deficient
respectively. In the title, abstract, and introduction sec-
tions report compliance was above 50%. Some main defi-
ciencies (compliance less than 50%) from method section
were found as follows: 7.41% of SRs reported item 13b
(describing any method required for presentation or

Reports excluded (n =86):
Non-BBR (n =25)
Animal experiments (n=20)
Pharmacological Research (n=14)
Protocol (n=8)
Non-SR (n=16)
Abstract (n=2)

synthesis), 7.41% of SRs reported item 14 (bias assess-
ment of missing results), 12.96% of SRs reported item
15 (assessing the certainty of the evidence); and 42.59%
of SRs reported item 13f (describing the methodology
for the sensitivity analysis). Correspondingly, for the
result section (compliance less than 50%), 3.70% of SRs
reported item 16b (describing complete study selection),
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Table 1 General characteristics of the included SRs. (n=54)

Characteristics Number Percentage
Publication year
2012-2015 10 18.52
2016-2019 15 27.78
2020-2024 29 53.70
Language
Chinese 23 42.59
English 31 5741
Location of publication
China 47 87.04
Iran 5 9.26
USA 2 3.70
Rank for journal citation reports
Q1 13 24.07
Q2 4 741
Q3 0 0
Q4 2 3.70
No journal citation 35 64.81
reports
Reporting guidelines mentioned
PRISMA 18 3333
No 36 66.67
Tools for quality assessment*
Cochraneriskof 43 79.62
bias assessment
tool
Jadad 12 2222
GRADE 9 16.67
Funding support
Yes 29 53.70
No/not reported 25 46.30

*Ten reviews used the Cochrane Risk of Bias Assessment Tool along with GRADE
or Jadad

3.70% of SRs reported item 21 (giving risk of bias results
for missing outcomes), and 12.96% of SRs reported item
22 (assessing certainty of evidence). In the section on
other information (less than 50% adherence), only 27.78%
of SRs reported items 24a and 24b (registered before
implementation) and none of the SRs reported item 24c
(amendment to registered program). Furthermore, only
22.22% of SRs reported Item 27 (providing access to pub-
licly available data).

Certainty of evidence

The results of the GRADE assessment are presented in
Supplementary File 6 Table S13. Among the 54 SRs, fifty
SRs included 452 outcomes related to the effectiveness
of BBR. Among these outcomes, the quality of evidence
was rated as high in 8 (1.77%), moderate in 22 (4.86%),
low in 110 (24.34%), and very low in 312 (69.03%) respec-
tively. Publication bias (n=319, 70.58%) was the most
common downgrading factor, followed by imprecision
(n=279, 61.72%), risk of bias (n=274, 60.62%), inconsis-
tency (n=260, 57.52%), and indirectness (n=0, 0%). The
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GRADE confirmed high-quality evidence solely for four
conditions: gastrointestinal disease (HpER, AE, peptic
ulcer healing rate, relieving rate of clinical symptom),
cardiovascular disease (BMI, BW), T2DM (AE), and obe-
sity (BMI), with evidence certainty declining substantially
across other assessed outcomes.

The efficacy and GRADE ratings of the primary out-
comes for each condition are demonstrated in Table 2,
and the complete results are shown in Table S23-31 in
Supplementary File 7. For T2DM, the primary outcomes
were 2hPBG/PPG, FBG/FPG, and HbAlc, with 80.00%
(32/40) of the outcomes being positive (p<0.05). Nega-
tive outcomes were 2hPBG/PPG and HbAlc when BBR
was used as monotherapy. For dyslipidemia, the primary
outcomes involved HDL-C, LDL-C, TC, and TG, with
82.76% (24/29) of the outcomes being positive. Nega-
tive outcomes were HDL-C and TC when BBR was used
as monotherapy or in combination with conventional
medicine. With PCOS, the primary outcomes were BMI,
TC, TG, and TT, of which 35.29% (6/17) had positive
outcomes, and TC was completely positive. In NAFLD,
the primary outcomes were 2hPBG/PPG and TC, all of
which were positive. In cardiovascular disease, the pri-
mary outcomes included ER, HDL-C, and LDL-C, with
66.66% (4/6) of the outcomes being positive, yet only
HDL-C was negative. For metabolic syndrome, the pri-
mary outcomes covered IL-6 and TNF-«, both of which
were positive. Regarding adverse effects, forty SRs were
reported, specifically gastrointestinal reactions, rash,
headache, elevated transaminases, liver enzyme abnor-
malities, and myalgia.

Discussion

We provided an evidence-based perspective on the
effects of BBR on various health outcomes. The current
review showed that BBR improved health outcomes
in a range of chronic diseases, including T2DM (FBG/
FPG, 2hPBG/PPG, HbAlc), dyslipidemia (TC, LDL-C,
TC), PCOS (TC, LDL-C, TT), cardiovascular disease
(ER, LDL-C, TG), metabolic syndrome (CRP, IL-6, TNE-
a), NAFLD (2hPBG/PPG, TC, TG), obesity (BMI, WC,
CRP), gastrointestinal disorders (HpER, AE, ER) and
schizophrenia (LDL-C, HDL-C, TC).

The 54 SRs encompassed nine distinct clinical condi-
tions, among which PCOS (CCA: 16.67%) and NAFLD
(CCA: 39.29%) demonstrated particularly high overlap
rates (Figures S4 and S8). This overlap has led to inad-
vertent overrepresentation of duplicate studies in SRs,
stemming from their repeated inclusion across multiple
reviews. Currently, a persistent lack of standardized pro-
tocols for managing duplication remains unaddressed.
Few SRs have adopted proposed mitigation strategies,
such as designating a primary reference SR, address-
ing overlap during data extraction/synthesis phases, or



Shi et al. BMC Complementary Medicine and Therapies

LDL-C HDL-C; TG TG; APOB;

TNF-a; FBG/FPG; FIN;

HOMA-IR; HbAlc

Cardiovascular disease (CD

ER; LDL-G; TG; NIHSS; AE; CRP; * =

IMT; NUP; CS; TNF-a

Non-alcoholic Fatty Liver (NAFLD) 5
2hPBG/PPG; TG TG; ALT; AST; e
LDL-C; FBG/FPG; HbAIc; FIN;

HDL-C

Gastrointestinal disease (GD) ¥4
HpER; AE; ER; PBSRT; IL-6; IL-8; 7o
IL-10; TNF-a; DAI score; PRT

Polycystic Ovary Syndrome (PCOS) Y
TG LDL-C; TT; FIN; TG; HDL-C; —
FBG/FPG; LH; BMI; SHBG

Fig. 2 The therapeutic scope and corresponding outcomes of berberine

transparently reporting overlap metrics [50]. The meth-
odological quality of almost all of the 54 SRs assessed
by AMSTAR 2 was rated as low quality (14.81%) or very
low quality (83.3%%). Methodological quality limitations
primarily stemmed from three deficiencies: no regis-
tered research protocol in advance, the lack of exclusion
list, and no analyzed of funding. Future studies should
prospectively register protocols, document exclusion
list, and analyze funding sources to mitigate evaluation
risk of bias. Regarding evidence quality assessed via the
GRADE, our analysis revealed that risk of bias and impre-
cision in the primary RCTs constituted the contributors
to evidence downgrades across the SRs. All evaluated
outcomes exhibited deficiencies in >1 critical domains,
including inadequate randomization, insufficient alloca-
tion concealment, absence of blinding implementation,
or overly broad confidence intervals undermining reli-
ability. These findings revealed systemic methodological
vulnerabilities that should guide prioritization of critical
enhancements in future clinical trial design—specifically
emphasizing protocol standardization and statistical pre-
cision to mitigate identified limitations.

Clinical evidence demonstrates BBR’s therapeutic effi-
cacy across multiple chronic disease domains. Nota-
bly, BBR exerts hypoglycemic effects in T2DM through
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ype 2 diabet nellitus (T2
FBG/FPG; 2hPBG/PPG; HbA1c;
TC; TG; LDL-C; HDL-C; CRP;
HOMA-IR; FIN
Dyslipidemia (Dys)
TC; LDL-G;TC; HDL-C; APOB

etabolic Syndrome (MS
CRP; IL-6; TNF-a; FBG/FPG;
LDL-C; HDL-C; TC; TG; HOMA-IR

BMI; WC; CRP; BW

Abreviations: FBG/FPG, fasting blood glucose/
fasting plasma glucose; 2hPBG/PPG, 2 hour
postprandial blood glucose/post-prandial
plasma glucose; HbAlc, hemoglobin alc;

TC, total cholesterol; TG, triglyceride; LDL-C,
low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; CRP,
C-reactive protein; HOMA-IR, homeostatic
model assessment of insulin resistance;

FIN, fasting serum lisulin; APOB, apoliprotein
B; IL-6, interleukin 6; TNF-a, tumor necrosis
factor-a; BMI, body mass index; WC, waist
circumference; BW, body weight; ER, effective
rate; NIHSS, National Institutes of Health stroke
scale; AE, adverse event; IMT, carotid
intima-media thickness; NUP, number of
unstable plagues; CS, Crouse score;

ALT, glutamic pyruvic transaminase; AST,
glutamic oxaloacetic transaminase; HpER,
h.pylori eradication rate; PBSRT, pus and blood
stool remission time; IL-8, interleukin-8; IL-10,
interleukin-10; DAI, disease activity index; PRT,
pain relief time; TT, total testosterone; LH,
luteinizing hormone; SHBG, sex hormone
binding globulin.

gut microbiota modulation—specifically by enhancing
butyrate-producing bacterial taxa and improving intesti-
nal barrier integrity [38]. Similarly, in PCOS, a condition
intrinsically linked to insulin resistance and metabolic
dysregulation, BBR ameliorates both hormonal imbal-
ances and metabolic parameters [51]. These therapeutic
outcomes are achieved through multi-target mechanisms
involving AMPK activation, inflammatory pathway sup-
pression, and sex hormone-binding globulin upregula-
tion [52, 53]. BBR exhibits a favorable tolerability profile,
with treatment-emergent adverse events predominantly
limited to mild, self-limiting gastrointestinal disturbances
(e.g. diarrhea, nausea, constipation) [27, 38]. The SRs
included in this study revealed comparable or even lower
adverse event rates due to adverse events compared to
conventional therapies—specifically for metformin in
T2DM, and for statins in dyslipidemia management [39].
This safety persists despite BBR’s multi-pathway bioac-
tivity, suggesting distinct pharmacokinetic properties
that mitigate cumulative toxicity risks associated with
prolonged use [54]. Despite its therapeutic potential,
BBR remains conspicuously absent from clinical practice
guidelines. This exclusion stems primarily from method-
ological limitations in existing evidence (e.g., inconsistent
outcome reporting, small sample sizes) compounded
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by critical demographic biases—notably the geographic
homogeneity of trial populations. Current clinical trial
originate overwhelmingly from Asia, especailly from with
Chinese participants [55].

The glucose-lowering effect of BBR is mediated by sup-
pression of the AMPK signaling pathway to suppress the
expression of the key enzymes of hepatic gluconeogen-
esis, phosphoenolpyruvate carboxykinase (PEPCK) and
glucose-6-phosphatase (G6Pase) [56]. Abnormal increase
in hepatic gluconeogenesis is an important cause of
insulin resistance in patients with T2DM [57]. BBR has
been shown to reduce insulin resistance by regulating
glycolipid metabolism. and suppressing hepatic gluco-
neogenesis [58]. Compared with the commonly used
clinical medications metformin and rosiglitazone, BBR
has a similar effect in lowering FBG in patients with
T2DM; however, BBR was also effective in lowering FBG
in patients with comorbid chronic hepatitis B and C [22].
Meanwhile, the characteristics of dyslipidemia include
high circulating TG and low HDL-C levels and are often
accompanied by hepatic steatosis [59]. Metformin, widely
used clinically, improves HDL-C and TC while inhibit-
ing dyslipidemia, but induces gastrointestinal adverse
effects potentially mediated through GLP-1-related intes-
tinal hormone secretion [60]. BBR directly regulates the
binding of key enzymes of the gluconeogenesis process
by PEPCK and Gé6Pase to the hepatic HDL-C receptor
to inhibit dyslipidemia in mice [61]. Additionally, the

process of intestinal gluconeogenesis is found to be asso-
ciated with weight gain and was able to prevent obesity-
associated hepatic steatosis and conversion to NAFLD
[62]. Among conventional medicines, semaglutide has
been shown to provide the greatest weight loss of all
obesity medications, but still carries the risk of acceler-
ated heart rate [63]. However, BBR not only improves
obesity symptoms by inhibiting hepatic gluconeogenesis
via PEPCK and Gé6Pase; it also achieves the same effect
by activating intestinal gluconeogenesis via short-chain
fatty acids produced by gut microbiota [25, 64]. Further,
patients with PCOS often have hyperandrogenemia,
which inhibits the expression of PEPCK and G6Pase,
key targets of gluconeogenesis, leading to elevated blood
glucose concentrations [65]. Although metformin can be
used to lower serum androgen levels through its modula-
tory effect on serum insulin and by increasing sensitivity
to insulin, gastrointestinal side effects, and hypoglycemia
can occur [66]. BBR regulates gluconeogenesis and mod-
ulates hormonal pathways through sex hormone-binding
globulin elevation, androgen receptor signaling inhibi-
tion, and reduced androgen synthesis, thereby address-
ing hormone disorders [67]. Moreover, BBR is safer than
metformin as a natural medicine with a lower rate of
adverse effects, resulting in a very low risk of hypoglyce-
mia [67].

The gut microbiota has always played an important
role in the lipid metabolism, immunity, and inflammation
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of the host and is a target for the multifunctional action
of BBR [68-70]. By analyzing the gut microbiome and
metabolome in the Framingham Heart Study, gut micro-
biota can influence the development of cardiovascular
disease through a variety of microbial pathways, such
as human gut Oscillibacter [71]. Statins are commonly
used clinically to improve blood lipids for cardiovascu-
lar disease, but a large HOPE-3 trial found that statins
were associated with an increased risk of cataract surgery
[72]. There is growing evidence that BBR improves car-
diovascular disease outcomes by decreasing gut micro-
flora diversity as well as fasting-induced adipose factor
expression and energy metabolism in the AMPK and
PGCla pathways [73]. Also, the development of ulcer-
ative colitis is associated with intestinal microbiologic
factors [74]. Conventional medicines include antibiotics,
corticosteroids, and immunomodulators, but are associ-
ated with gastrointestinal reactions, skin sensitization,
and other adverse effects [75]. The same can be done by
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targeting the gut microbiota, combining BBR with dehy-
drocostus lactone to target the key beneficial bacterium,
Akkermansia, to maintain a normal supply of intestinal
proteins [76]. In addition, the metabolic syndrome is
associated with alterations in the microbiota, including
increases in the Firmicutes, Bacteroidetes, and Proteo-
bacteria, as well as alterations in specific bacteria such
as Lactobacillus and Clostridium [77]. Due to the low
oral bioavailability of BBR, it directly interacts with gut
microbiota and attenuates metabolic syndrome in mice
compared to other drugs [78]. Furthermore, the devel-
opment of NAFLD has been associated with dysbiosis of
the gut microbiota involving Faecalbacterium prausnit-
zii, Bilophila wadsworthia, Helicobacter pylori, Klebsiella
pneumoniae, and Akkermansia muciniphila [79]. Met-
formin treats NAFLD by AMPK-mediated inhibition of
class II histone deacetylase and DNMT overexpression,
while BBR activates SIRT-3 to regulate hepatic AMPK
and reduce steatosis [80]. In cases where metformin is
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Table 2 Efficacy and GRADE ratings of BBR for the primary outcome of different conditions.*

Condition Outcomes Comparison Number of outcomes p GRADE
value
T2DM 2hPBG/PPG BBR vs. CM 3 A SOO06very low
BBR+CM vs.CM 2 [ SDOolow
9 [ ) DOOOvery low
BBR(+CM) vs. CM 2 o DOOOvery low
FBG/FPG BBR vs.CM 2 ) DOOOVery low
BBR+CM vs.CM 9 [ ] DOOOvery low
HbAlc BBR vs. CM 5 o DOOOvery low
BBR+CM vs.CM 3 o SDOolow
5 [ ) DOOOvery low
Dyslipidemia HDL-C BBR vs. CM 2 o DOOOvery low
BBR+CM vs.CM 3 A DOOOVery low
LDL-C BBR vs. CM 2 o DPOOIow
BBR+CM vs.CM 2 o DOOOvery low
BBR(+CM) vs.CM 2 [ ) DOBOvery low
TC BBR vs. CM 2 A BOOOvery low
BBR+CM vs.CM 4 [ ) DOOOvery low
BBR vs. PL/BK 2 o DOOOvery low
BBR(+CM) vs. CM 2 o DOOOvery low
TG BBR vs.CM 3 [ ) DOOOvery low
BBR+CM vs.CM 3 o DOOOvery low
BBR(+CM) vs. CM 2 [ DOOOvery low
PCOS BMI BBR vs.CM 3 A DOOOvery low
BBR+CM vs.CM 3 A BOOOvery low
TC BBR vs.CM 2 [ ) DOOOvery low
2 [ SOOOlow
TG BBR vs.CM 2 A DOOOvery low
T BBR vs.CM 3 A DOOOVery low
BBR+CM vs.CM 2 o DPHOOlow
NAFLD 2hPBG/PPG BBRvs.CM 3 ) DOOOvery low
TC BBR(+CM) vs. CM 2 [ ) SDOolow
Cardiovascular ER BBR+CM vs.CM 2 o DOOOvery low
disease HDL-C BBR+CM vs. CM 2 A ®O0o0overy low
LDL-C BBR+CM vs.CM 2 o DOOOvery low
Metabolic IL-6 BBR(+CM) vs. CM/PL 2 o DPOBlow
syndrome TNF-a BBR(+CM) vs. CM/PL 2 ° SDOOlow

*Schizophrenia, gastrointestinal disorder, and obesity were not demonstrated because each of the outcomes occurred only once. @: p<0.05; A:p>0.05

intolerant or refractory, BBR may be a suitable alterna-
tive to ensure tolerability and reduce the risk of adverse
effects [81]. Moreover, the gut microbiota interacts with
the central nervous system tract via the gut-brain axis
and influences the pathological process of schizophrenia
by modulating lipid and glucose related functions [82].
The dyslipidemia that can be induced by the currently
clinically used schizophrenia medication olanzapine has
only been validated in a female rat model, although it
can be ameliorated to some extent by combining it with
simvastatin [83]. While, the combination of BBR and
metformin have a significant preventive effect on olan-
zapine-induced weight gain in rats, and it also suggests
a potential mechanism of action to prevent olanzapine
from reducing energy expenditure [84].

BBR, unlike chemical drugs with relatively single com-
ponent, is an active ingredient isolated from herbs with
multiple biological functions. Therefore, it can regulate
the body through several pathways, such as improving
insulin resistance, inducing cell cycle arrest, inhibiting
the production of proinflammatory cytokines, and inhib-
iting the production of B-cell activating factors [85]. Glu-
coneogenesis and gut microbiota are also two regulatory
pathways of BBR. BBR regulates gut microbiota metabo-
lism through ATP/NADH reduction and butyrate synthe-
sis to lower lipid/glucose levels, while inhibiting hepatic
gluconeogenesis/fatty acid oxidation via mitochondrial
pyruvate carrier 1 and enhancing peripheral glucose
uptake [85]. In terms of lipid and energy metabolism,
these two pathways can interact with each other, which in
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one way explains the ability of BBR to treat a wide range
of diseases. Population aging and socioeconomic devel-
opment have driven increased life expectancy, establish-
ing multimorbidity as an emerging population health
paradigm. A global overview based on the UK biobank
shows that there is already a trend toward comorbidities
between complex conditions, with metabolic conditions
having the highest rates of comorbidities across physi-
ological systems [86]. In the future, the era of treating a
single condition may not be in the mainstream, and how
to develop multi-targeted interventions for comorbidities
will become a new research direction.

To the best of our knowledge, the current overview is
the first systematic investigation into SRs on BBR, pro-
viding a comprehensive summary of various health out-
comes. Nonetheless, this study is not without limitations.
Firstly, our inclusion criteria focused on SRs published
in English and Chinese, thereby potentially overlooking
studies published in other languages and their insights
into the efficacy of BBR. Second, the quality assessment
process may be subject to some degree of subjectivity.
To mitigate this, we implemented a rigorous protocol
whereby assessments by one researcher was verified by
another, with any discrepancies resolved through con-
sensus with a third party. Third, our research depends
on the published SRs, and therefore, the inclusion of the
original studies and the reliability of the implementa-
tion quality will affect our evaluation. The methodologi-
cal and reporting deficiency highlighted in this overview
suggested that studies of BBR with high quality should be
conducted in the future to confirm its efficacy.

Conclusions

This overview analyzes health outcomes associated with
BBR based on SRs. The available evidence suggests BBR
could be beneficial for cardiovascular disease, T2DM,
gastrointestinal disorders, PCOS, NAFLD, hyperlipid-
emia, metabolic syndrome, obesity, and schizophrenia.
BBR is able to improve multiple outcomes, but the quality
of evidence is still limited and further studies are needed.
Considering the multifaceted effects of BBR, mechanistic
studies should be conducted to comprehensively explore
and sort out the pathogenic mechanisms by which BBR
may ameliorate the disease. High-quality RCTs will also
be conducted for related conditions, aiming to provide
high-level evidence to support the clinical promotion of
BBR to improve human health.
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