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Background: Conventional medicine (CM) for paroxysmal atrial fibrillation (PAF) have limitations and side effects.
Integrative approaches, including traditional herbal medicines like Liriope Tuber, are being explored for potential
benefits, although evidence remains limited.

Methods: In April 2023, a literature search was conducted across nine databases, focusing on randomized con-
trolled trials assessing the effects of Liriope Tuber in traditional herbal medicine (LTHM) on PAF. The risk of bias
was evaluated using Version 2 of the Cochrane risk-of-bias tool for randomized trials. A random-effects model
was employed for the meta-analysis.

Results: A total of 43 studies with 3,743 participants were included. The meta-analysis indicated that adding
LTHM to CM reduced PAF frequency (SMD = -0.99, 95 % CI = -1.40 to -0.57, I> = 88 %, N = 16, n = 1266),
left atrium diameter (LAD) (MD = -2.39 mm, 95 % CI = -3.09 to -1.68), P-wave dispersion (Pd) (MD = -6.41 ms,
95 % CI = -8.44 to -4.37), high sensitive C-Reactive Protein (hs-CRP) (MD = -1.10 mg/], 95 % CI = -1.73 to
-0.47), and improved left ventricular ejection fraction (LVEF) (MD = 4.71 %, 95 % CI = 3.17 to 6.25). Thirty-four
studies raised concerns about bias, with eight showing high risk. Certainty of evidence was rated as "low" for PAF
frequency, LAD, Pd, hs-CRP, and LVEF.

Conclusion: LTHM combined with CM may reduce PAF frequency. However, due to the complexity of interven-
tions, with Liriope Tuber being only one component of the regimen, high risk of bias, substantial heterogeneity,
and indirectness, interpretations should be cautious.

Study registration: PROSPERO (ID: CRD42023477926).

1. Introduction individuals will be diagnosed with AF.? AF is also a known risk factor for

conditions like stroke and heart failure.>> The increasing prevalence of

Atrial Fibrillation (AF) is a supraventricular tachycardia, the most
common type of arrhythmia in adults. It is characterized by irregular
and disorganized electrical activity throughout the atria, causing them
to quiver instead of contracting uniformly. The global prevalence of
AF is increasing. According to the Global Burden of Disease project, in
2016, approximately 46.3 million AF patients were estimated to have AF
worldwide.! In the Asia, it is projected that by 2050, at least 720 million

AF and its associated complications imposes a growing burden on pub-
lic health. Over the past decade, medical expenses related to AF have
increased by more than 5.7 times.®

AF can be categorized by its duration: paroxysmal AF (PAF) ends
spontaneously or with treatment within 7 days; persistent AF lasts over
7 days; long-standing Persistent AF persists for 12 months or more; and
permanent AF occurs when all attempts to restore normal rhythm have
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been abandoned.” If PAF is left untreated, it may eventually progress
to persistent or permanent AF, making early treatment of PAF particu-
larly important.® Currently, AF treatment is primarily based on catheter
and cryoballoon ablation. However, approximately half of the patients
undergoing Catheter Ablation and half of those undergoing Cryobal-
loon Ablation experience recurrence within 12 months.’ Drug therapy
mainly relies on anti-arrhythmic drugs to control heart rate or maintain
a normal rhythm. However, in terms of heart rate control, beta-blockers
have shown no significant reduction in overall mortality compared to
placebo.' In the context of rhythm control, the use of anti-arrhythmic
increases the probability of maintaining a normal rhythm by approxi-
mately two-fold compared to not using them. However, these treatments
are not effective in reducing mortality or cardiovascular complications.
It is important to exercise caution with long-term use because of the
potential for increased hospitalization owing to side effects.!!16

Efforts are underway to overcome the limitations of conventional AF
treatments by using evidence-based, integrated, and multidisciplinary
approaches. These approaches have been shown to reduce all-cause mor-
tality and hospitalization rates related to cardiovascular diseases.!”>'8
In East Asia, East Asian traditional medicine (EATM) interventions have
been utilized for the treatment of AF.'® Numerous systematic reviews
have been published to gather relevant evidence, making this an emerg-
ing focus for integrated treatment approaches for AF.%°-25 Furthermore,
while systematic literature reviews have previously focused on prescrip-
tions, there is growing interest in conducting systematic reviews of indi-
vidual herbal remedies.?°-28 In EATM, several herbal remedies are com-
monly used to treat AF. These include Liriope Tuber, Salvia Miltiorrhiza
Root, and Nardostachyos Radix et Rhizoma.>° The most commonly uti-
lized Liriope Tuber (Maidong, %) is the root of a perennial herb be-
longing to the Lily family. It is known for its efficacy in nourishing the
yin, moistening the lungs, calming the mind, benefiting the stomach,
and generating fluids.?* From a pharmacological perspective, it contains
compounds such as saponins, flavonoids, and polysaccharides, which
offer cardiovascular protection, anti-inflammatory properties, immune
regulation, and potential effects against cancer and diabetes.>' >3 How-
ever, there is insufficient evidence regarding the safety and efficacy of
Liriope Tuber included traditional herbal medicine (LTHM), in patients
with AF.

To the best of our knowledge, this is the first systematic review on
the effects of LTHM on PAF. This study aimed to confirm the efficacy
and safety of LTHM in PAF, identify the factors influencing these ef-
fects through subgroup analysis and meta-regression, evaluate the level
of evidence using the Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) methodology, and visually represent
the network of included herbal remedies to understand the relationship
between Liriope Tuber and frequently used herbal ingredients.

2. Methods

This study was conducted following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.>* The
study protocol is registered in PROSPERO (ID: CRD42023477926).

2.1. Criteria for inclusion and exclusion

2.1.1. Study types

The study design encompassed only Randomized Controlled Trials
(RCTs) where the term "randomization" was mentioned. There were no
restrictions on the treatment duration or clinical settings.

2.1.2. Participant types

The participants were diagnosed with paroxysmal fibrillation, with-
out age or sex restrictions. Participants with PAF, even when accom-
panied by other conditions, such as hypertension or heart failure, were
also included.
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2.1.3. Intervention types and controls

Only studies that combined the EATM herbal medicine intervention
(HM) with conventional medicines intervention (CM) were included.
There were no restrictions on the forms of HM, such as decoctions, pow-
ders, or pills, and only oral herbal preparations, including Liriope Tu-
bers, were included. The control group included studies that used the
same interventions as the experimental group. Three or more compari-
son groups were included if they met the purpose of the study.

2.1.4. Outcomes measures

Studies that only reported the Total Effective Rate (TER) or the ef-
ficacy of the Traditional Chinese Medicine (TCM) symptom score were
excluded, and only studies with one or more evaluation indicators re-
lated to AF were included. The primary outcome was the frequency
of paroxysmal atrial fibrillation (PAF Frequency), defined in contin-
uous units such as episodes per day, episodes per week, or episodes
per month, according to the criteria of each study. Secondary out-
comes included Left Atrial Diameter (LAD), P-wave Dispersion (Pd),
high sensitive C-Reactive Protein (hs-CRP), Left Ventricular Ejection
Fraction (LVEF), 6 Min Walking Distance (6 MWD), and Quality of
Life (The Minnesota Living with Heart Failure Questionnaire, QoL). Ad-
verse events (AEs) were presented as the number of occurrences of each
symptom.

2.2. Literature searches

Electronic databases, including PubMed, Cochrane Central Register
of Controlled Trials (CENTRAL), Excerpta Medica Database (Embase),
Oriental Medicine Advanced Searching Integrated System (OASIS), Ko-
rea Citation Index (KCI), Cumulative Index of Nursing and Allied Health
Literature (CINAHL), China National Knowledge Infrastructure (CNKI),
Citation Information by NII (CiNii), and International Clinical Trials
Registry Platform (ICTRP) were searched until April 13, 2023, without
restrictions on country or language. In addition, a snowball search was
conducted to identify further studies by searching the reference lists of
publications that were eligible for a full-text review. The search strat-
egy was developed through consultation with a bibliographic expert and
consisted of three categories: ‘Atrial Fibrillation’, ‘East Asian Traditional
Medicine’, and ‘Randomized Controlled Trials’. These three categories
were combined using the AND Boolean operator with the keywords ap-
propriate for each database. The detailed search terms are provided in
Supplementary Table 1.

2.3. Study selection

Studies were selected by two independent researchers (SJK and
HBJ). In cases of disagreement, the researchers reached mutual agree-
ment through discussion, and when disagreements persisted, the ad-
vice of a third researcher (JTL) was sought to make the final deci-
sion. The studies identified through literature searches and reference
list checking were imported into EndNote, where duplicates were re-
moved and selected according to pre-established criteria. The titles and
abstracts of the studies were initially screened to determine their suit-
ability for further consideration. The full texts of the selected studies
were then reviewed in depth to ensure their inclusion in the final se-
lection. For studies identified through other methods, a comprehensive
review of the full text was conducted to facilitate the final selection
process.

2.4. Data extraction

The data extraction process was conducted by two independent re-
searchers (SJK and HBJ), and discrepancies were solved in the manner
mentioned above. The analysis framework utilized in this study was de-
veloped using Google spreadsheets and through discussions within the
research team. Subsequently, a review of existing studies was conducted,
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and a pilot extraction was performed using five articles to develop the fi-
nal analysis framework. This framework was then finally applied to the
main extraction. The extracted data included information on primary
outcomes, secondary outcomes, first author, publication year, type and
number of clinical institutions, number of participants, age, sex, type
and dosage of intervention, composition of herbal interventions, treat-
ment duration, outcome variables, country of the first author, diagno-
sis criteria, comorbidity conditions, funding source, AEs, and number
of dropouts. The primary and secondary outcomes were extracted in
their original form when reporting change data (mean + standard de-
viation) for both the experimental and control groups. If the mean and
standard deviation were not reported, we obtained the raw data and
presented them as mean and standard deviation. Otherwise, the study
was excluded. In instances where units of measurement differed, they
were converted to a unified unit through discussion within the study
team. In cases where there were multiple measurement time points, only
measurements taken immediately after the end of treatment were used.
If data were missing, they were excluded from the extraction process.
If the units of measurement were unclear, the authors were contacted
via email for clarification. If we did not receive any response or were
unable to establish contact, we made decisions through internal discus-
sions within the research team. Studies for which a consensus could not
be reached were excluded from the analysis.

2.5. Risk of bias assessment

The risk of bias assessment was performed according to Version 2
of the Cochrane risk-of-bias tool for randomized trials (RoB 2)3° and
conducted by two independent researchers (SJK and HBJ). In cases of
disagreement, solved it the same way as above. Five areas were evalu-
ated for potential bias: (1) bias arising from the randomization process;
(2) bias due to deviations from intended interventions; (3) bias due to
missing outcome data; (4) bias in the measurement of the outcome; and
(5) bias in the selection of reported results.

2.6. Data analysis

2.6.1. Statistical analysis

The meta-analysis was conducted using RStudio software (version
2023.06.0; R Foundation for Statistical Computing, Vienna, Austria)
with the "meta", "dplyr" and "dmetar" packages. For further details,
please refer to Supplementary 1.

2.6.2. Heterogeneity

The presence and extent of statistical heterogeneity were identified
using RStudio software with the "meta" packages. Heterogeneity was
assessed using the chi-square test and Higgins I? statistic. In the chi-
squared test, a significance level of 0.10 was employed. The Higgins I
statistic was evaluated according to the following criteria: 0 % < I? <
40 %, "heterogeneity may not be important"; 30 % < I? < 60 %, "may
have moderate heterogeneity"; 50 % < I < 90 %, "may be actual hetero-
geneity"; and 75 % < I? < 100 %, "significant heterogeneity.">® As I? was
greater than or equal to 50 %, subgroup analyses were conducted based
on treatment duration, daily dosage of Liriope Tuber, total dosage of
Liriope Tuber, and age to explore factors that may influence treatment
effects and heterogeneity. For continuous variables, meta-regression was
conducted.

2.6.3. Sensitivity analysis

A leave-one-out Meta-Analysis was conducted to assess the influence
of each study on the effect estimates by excluding one study at a time,
identifying studies that significantly influenced heterogeneity, and eval-
uating the robustness of the meta-analysis results when excluding those
studies. A cumulative meta-analysis was also performed to evaluate how
the average effect estimates and CI changed as studies were added in-
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dividually over time, assessing the stability of the meta-analysis results
over time.

2.7. Publication bias

Publication bias was assessed for outcome variables that included 10
studies in the meta-analysis.>® Publication bias was visually evaluated
using funnel plots and statistically assessed using Egger’s test, with a
significance level of 0.05.%” Contour-enhanced funnel plots were used
to assess the relationships between asymmetrical patterns in funnel plots
and statistical significance.®® When publication bias was suspected, the
trim-and-fill method was used to analyze its impact. In cases where both
publication bias was suspected and there was significant heterogeneity
(I2 > 50 %), sensitivity analysis was performed by excluding outliers and
then applying the trim and fill method. Subsequently, the results of the
trim-and-fill method were visually reevaluated using contour-enhanced
funnel plots.3°

2.8. Certainty of evidence

The Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) method was used to assess the certainty of evi-
dence. For further details, please refer to Supplementary 2.

2.9. Network analysis

The herb network of LTHM was constructed and modularity was an-
alyzed to identify specific patterns or combinations of herbs. The de-
gree, closeness, betweenness, and eigenvector centralities of each node
in each module were calculated. For further details, please refer to Sup-
plementary 3.

3. Results
3.1. Study selection

A search of medical research databases initially retrieved 1939 stud-
ies. Using the reference management tool ENDNOTE X9, 381 duplicate
studies and two withdrawn studies were excluded. The remaining 1556
studies underwent the first round of selection and exclusion based on
titles and abstracts, resulting in the exclusion of 1170 studies. The re-
maining 386 studies underwent a second round of selection and exclu-
sion based on their full texts. This process resulted in the inclusion of 37
studies, with 349 studies excluded. Details of the 349 excluded studies
are provided in Supplementary Table 2. In addition to the medical re-
search database search, 209 studies were identified using other methods.
After selection and exclusion based on their full texts, six studies met the
inclusion criteria via other methods. Among the final 43 studies that em-
ployed both methods, five were included in the qualitative analysis only
and excluded from the meta-analysis. The study selection process was
organized according to the PRISMA flowchart criteria (Fig. 1).

3.2. Study characteristic

The general characteristics of the included studies are summarized
in Table 1. All these studies were conducted in China between 2007
and 2022 and were written in Chinese. Studies 1 and 3 were treated
as separate studies in the qualitative synthesis and as one study in the
quantitative synthesis. This was because they were derived from the
same RCTs but published in different papers using different outcomes.
The total number of participants were included in the meta-analysis was
3136. In the clinical setting, all studies were conducted at single insti-
tutions, except for one multicenter study. One study reported unclear
information regarding the clinical settings. PAF frequency was reported
in 16 studies, Pd in 10 studies, hs-CRP in 11 studies, LVEF in 7 studies,
and LAD in 17 studies. Additionally, 5 studies each reported 6 MWD and



Table 1

Detailed characteristics of included studies.

Year_ Sample size (Initial Mean age Sex Treatment Outcome Outcome
First author Clinical setting E:C — Final E:C) (year) (M:F) Intervention period (wk) (Primary, secondary) (Others) Funding
2014_Chen®® single center 30:32 Total: 59.3 + 6.2 NR (E) JXPL (6 g*tid) 12 None SRM, NT-proBNP, ALD Y
(Hospital, IP and OP) (C) Amiodarone
2014_He>” single center 40: 40 (E) 70.5 + 5.27 (E) 20:20 (E) JXPL (6 g*tid) 48 LVEF, LAD LVIDd, LVST, LVPWT Y
(Hospital, IP) (C) 71.61+5.41 (C) 22:18 (C) Amiodarone
2014_Chen®® single center 30:32 Total: 59.3 + 6.17 NR (E) JXPL (6 g*tid) 12 hs-CRP SRM Y
(Hospital, IP and OP) (C) Amiodarone
2021_Cui®® single center 35:35 — 33:32 (E) 61.91+10.85 (E) 18:15 (E) GZFL (200ml*qd) 8 PAF Frequency IL-6, TNF-a, TCM symptom score, N
(Hospital, IP and OP) (C) 60.38+9.25 (C) 16:16 (C) Warfarin + Metoprolol AFEQT score
2019 _Pan®® single center 30:30 (E) 61.1 + 8.4 (E)17:13 (E) SSYX (4C*tid) 12 None Left ventricular systolic GLS, mSRs, Y
(Hospital, IP) (C)63.0+7.6 (C)14:16 (C) Amiodarone mSRe, mSRa, TER
2011_Ma“*? single center 31:30 (E) 56.83+7.25 NR (E) LTHM (100ml*bid) 8 hs-CRP, LAD SRM Y
(Hospital) (C) 56.42+7.51 (C) Amiodarone
2019_Zhang®! single center 23:23-520:20 (E) 72.55+8.46 (E) 9:11 (E) CGBF (NR) 8 PAF Frequency, LAD DCG, TCM symptom score N
(Hospital) (C) 72.85+8.10 (©) 8:12 (C) Metoprolol
2022 Wu®? single center 22:26 (E) 69.20+9.70 (E) 13:9 (E) CGBF (NR) 8 PAF Frequency DCG, TCM symptom score Y
(Hospital, IP) (C) 71.73+8.00 (C)13:13 (C) Metoprolol
2018 _Jiao®® single center 54:54 (E) 56.9 + 6.21 (E) 26 : 28 (E) JXPL (6 g*tid) 16 LAD MMP-2, TER NR
(Hospital, IP and OP) (C) 56.7 + 6.26 (C)24:30 (C) Amiodarone
2013_Luo®* single center 30:30 (E) 62.50+7.19 (E)15:15 (E) YXXF (200ml*bid) 12 PAF Frequency, Pd, DCG, HRV, Pmax, NT-proBNP, TCM N
(Hospital, OP) (C) 63.90+6.59 (C)17:13 (C) Usual care hs-CRP, LAD symptom score, TER
2021_Ying®® single center 63:63 (E) 57.02+5.49 (E) 36 : 27 (E) YXDJ(6C*bid) 8 PAF Frequency SRM, ROS, AOPP, LARV, LACV, NR
(Hospital) (C) 56.14+5.06 (C)34:29 (C) Irbesartan + Amio- LAAEF, Peak-A, TCM symptom score
darone + Warfarin or
Aspirin
2018_Pan*’ single center 36:36 (E)59.2+7.1 (E)20:16 (E) SSYX (4C*tid) 12 hs-CRP, LVEF, LAD MMP-2, TER NR
(Hospital, IP) (C) 58.7 + 6.5 (C©21:15 (C) Usual care
2015 Liu®® single center 30:30 Total: 56 Total: 34 : 26 (E) LTHM (300ml*qd) 12 Pd, PAF Frequency = Pmax, TCM symptom score NR
(Hospital) (C) Propafenone
2017_Chen®” single center 30:30 (E)54.1+7.7 (E)19:11 (E) ZGC (NR) 12 Pd, hs-CRP NT-proBNP, ALD, Pmax, TER Y
(Hospital) (C)52.2+65 (©16:14 (C) Amiodarone
2009_Luo®® single center 54:52 (E) 58+15 (E)41:13 (E) LTHM (100ml*tid) 12 PAF Frequency None NR
(Hospital, IP and OP) (C) 55+10 (C)40:12 (C) Usual care
2021_Mu®® single center 32:32-30:30 (E) 45.67+7.28 (E)12:18 (E) LTHM (200ml1*bid) 12 PAF Frequency, Pd, HbA1C, TCM symptom score, TER N
(Hospital, IP and OP) (C) 46.20+6.47 (C)16:14 (C) Usual care LAD
2016_Huang*! single center 30:30 (E) 72.46+7.1 (E)16:14 (E) LTHM (NR) 8 hs-CRP, LAD, LVEF  IL-6, TNF-q, FS, TCM symptom score, Y
(Hospital, IP and OP) (C) 72.96+6.8 (C©13:17 (C) Usual care TER
2017_Liu”° single center 34:34 (E) 52.37+8.62 (E)19:15 (E) LTHM (2c*bid) 16 hs-CRP, PAF Pmax, Pmin, TER NR
(Hospital, IP) (C) 51.24+7.93 (C)18:16 (C) Metoprolol Frequency, Pd
2022_Ge’! single center 40: 40 (E) 55.1 + 4.0 (E) 22:18 (E) XJHY (3c*tid) 12 LAD, LVEF Recurrence of atrial fibrillation Y
(Hospital) (C)55.4 +4.2 (©23:17 (C) Amiodarone
2015_Fan’? single center 56 : 56 (E) 57.29+4.69 (E) 27 : 29 (E) SSYX (3c*tid) 24 LAD, LVEF LVIDd, LVIDs NR
(Hospital, IP) (C) 58.39+5.36 (C)29:27 (C) Amiodarone
2012_Jin’? single center 24:21:22 (E) 68.61+5.12 (E)14:10 (E) SSYX (3c*tid) 12 hs-CRP, Pd, LAD Pmax Y
(Hospital) (C1) 63.94+14.26 (C112:9 (C1) SSYX
(C2) 66.03+14.17 (C2)10:12 (C2) Metoprolol
2007_Wu’* single center 54:58:55 (E) 59+4 (E) 30: 24 (E) SSYX (NR) 12 Pd None NR
(Hospital, IP and OP) (C1) 56+3 (C1) 34:24 (C1) SSYX
(C2) 58+5 (C2)32:23 (C2) Metoprolol
2012_Tang’® NR 51:51 -50:50 (E) 75.7 (E)24:27 (E) SSYX (2~4c*3~4/d) 16 PAF Frequency SRM NR
(C) 76.3 (©21:30 (C) Usual care
2013_Shao’® single center 40: 40 (E) 67.7 +5.2 (E)23:17 (E) SSYX (3c*tid) 8 PAF Frequency TER NR
(Hospital) (C)68.1 +5.7 (C)22:18 (C) Rosuvastatin
2021_Pan”” single center 30:30 NR NR (E) SSYX (4c*tid) 12 PAF Frequency, LAVmax, LAVmin, LAVIpre, LAVImin Y

(Hospital, IP)

(C) Amiodarone

LAD, LVEF

(continued on next page)
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Table 1 (continued)

Year_ Clinical setting Sample size (Initial Mean age Sex Intervention Treatment Outcome Outcome Funding
First author E:C — Final E:C) (year) (M:F) period (wk) (Primary, secondary) (Others)
2012_Lu’® single center 58:56 — 56 : 53 (E)57.2+8.4 (E)24:34 (E) SSYX (4C*tid) 24 LAD, LVEF, Pd Whole blood high and low shear NR
(Hospital, IP) (C) 56.3 +8.3 (C) 26 : 30 (C) Aspirin + Simvastatin viscosity, plasma viscosity,
hematocrit, Red blood cell
aggregation and deformation index,
fibrinogen, Pmax, Pmin
2010_Han”® single center 50:50 - 47 : 48 (E) 59+12.6 (E)34:13 (E) SSYX (4C*tid) 24 PAF Frequency None NR
(Hospital) (C) 57+11.3 (C)36:12 (C) Usual care
2020_Liu®® single center 38:38 (E) 71.3 £ 5.5 (E)20:18 (E) SSYX (4C*tid) 24 LAD NT-proBNP, TER Y
(Hospital) (C)70.1 +£5.1 (©19:19 (C) Bisoprolol
2022 _Chen®! single center 110:110 (E) 62.22+9.17 (E) 50 : 60 (E) SSYX (1C*tid) 24 hs-CRP, LVEF BNP, Angiotensin 2, LVIDd, LVIDs Y
(Hospital, IP) (C) 61.48+8.04 (C)62:48 (C) Sacubitril/Valsartan
2010_Liu®? single center 40:40 —» 38:37 (E) 63+6 (E)23:17 (E) SSYX (3c*tid) 96 LAD, LVEF LVIDd, LVIDs, TER NR
(Hospital, IP) (C) 62+7 (C)25:15 (C) Amiodarone
2019 Li% single center 43 : 43 (E) 61.74+4.17 (E) 23:20 (E) SSYX (4C*tid) 8 LVEF BUN, SCr, ALT, Mean ventricular NR
(Hospital, IP) (C) 60.48+3.97 (C)21:22 (C) Amiodarone rate, TER
2021_Xiao® single center (Hospital) 55 : 55 (E) 52.56+8.92 (E)29:26 (E) SSYX (4C*tid) 24 PAF Frequency, TER Y
(C) 52.84+8.37 (C)30:25 (C) Usual care QoL(MLHFQ),
6MWD
2013_Cao®® single center (Hospital, 58 :58 (E) 62.1 + 9.3 (E)34:24 (E) SSYX (2~4C*tid) 20 PAF Frequency, Pd, Pmax NR
P) (C)61.3+£9.7 (C)35:23 (C) Usual care 6MWD
2010_Sheng®® single center 30:30 (E) 55.7 (E)16:14 (E) SSYX (4C*tid) 24 PAF Frequency, None NR
(Hospital, IP and OP) (C) 56.3 (C)15:15 (C) Usual care QoL(MLHFQ),
6MWD
2012_Men®” single center (Hospital) 42 : 42 (E)63.5+7.2 (E)31:11 (E) SSYX (4C*tid) 12 PAF Frequency, None NR
(C) 64.6 + 6.9 (©)32:10 (C) Amiodarone QoL(MLHFQ)
2011_Wang®® multicenter (11) 107 : 107 : 105 (E) 60.1 +10.1 (E) 54 : 52 (E) SSYX (4C*tid) 8 PAF Frequency, TCM symptom score, TER Y
(Hospital, OP) — 106 : 106 : 99 (C1) 58+12 (C1)71:35 (C1) Propafenone placebo + SSYX
(C2) 63+9 (C2) 59: 40 (C2) Propafenone + SSYX Placebo
2007_Han®® single center 60:60 - 54:52 (E) 58+16 (E)41:13 (E) SSYX (4C*tid) 12 PAF Frequency, None Y
(Hospital, IP and OP) (C) 54+11 (C)40:12 (C) Usual care QoL(MLHFQ),
6MWD
2013_Liu”° single center (Hospital) 59 :52: 56 (E) 74.4 + 16.3 (E) 30:29 (E) SSYX (4C*tid) 8 Pd None NR
(C1) 75.4 £ 16.1 (C1)29:23 (C1) SSYX
(C2) 72.4 +15.2 (C2)31:25 (C2) Amiodarone
2012_Peng®! single center 25:25 (E) 65.8 + 5.5 (E)13:12 (E) SSYX (4C*tid) 12 Pd Pmax NR
(Hospital, IP and OP) (C) 64.8 +5.3 ©14:11 (C) Indapamide
2014 _Kang”* single center (Hospital, 40 : 40 (E) 52.1 + 3.3 (E)19:21 (E) SSYX (4C*tid) 24 LVEF TER NR
1P) (€)50.3 +2.5 (C)24:16 (C) Amiodarone
2016_Li** single center (Hospital) 45 : 45 (E) 62.3 + 5.5 (E)24:21 (E) SSYX (3C*tid) 4 hs-CRP, LAD MMP-2, TER NR
(C)63.4 +5.6 (C)23:22 (C) Amiodarone
2011_Liu*® single center 60:60 - 55:53 (E) 57+13 (E) 40:15 (E) SSYX (4C*tid) 12 PAF Frequency, None NR
(Hospital, IP and OP) (C) 55+10 (C)39:14 (C) Usual care QoL(MLHFQ),
6MWD
2018_Zhou®* single center 59:59 (E) 55.6 + 3.1 (E) 27 :32 (E) SSYX (3C*tid) 4 LAD, hs-CRP NO, ET-1, TNF-a, IL-6, SRM, LVIDd, NR
(Hospital, OP) (C)55.1 +3.7 (C)28:31 (C) Valsartan LVIDs, LVMI

6MWD, 6 Min walking distance; ALD, Aldosterone; AFEQT, Atrial fibrillation effect on qualiTy-of-life; ALT, Alanine aminotransferase; AOPP, Advanced oxidative protein products; BNP, Brain natriuretic peptide; BUN,
Blood urea nitrogen; DCG, Dynamic electrocardiogram; ET-1, Human endothelin-1; FS, Fractional shortening; GLS, Global longitudinal strain; HRV, Heart rate variability; IL-6, Interleukin-6; IP, In patients; LAAEF,
Left atrial appendage ejection fraction; LACV, Left atrial cavity volume; LAD, Left atrium diameter; LARV, Left atrial reservoir volume; LAV, Left atrial volume; LAVI, Left atrial volume index; LVEF, Left ventricular
ejection fraction; LVIDd, Left ventricular internal dimension at end-diastole; LVIDs: : Left ventricular internal dimension at end-systole; LVMI, Left ventricular mass index; LVPWT, Left ventricular posterior wall
thickness; LVST, Left ventricular septal thickness; mmp-2, Matrix metalloproteinase-2; mSRa, mean late diastolic peak strain rate; mSRe, mean early diastolic peak strain rate; mSRs, mean systolic peak strain rate;
NO, Nitric oxide; NR, Not reported; OP, Out patients; PAF, Paroxysmal atrial fibrillation; Pd, P-wave dispersion; Pmax, The maximum P-wave duration; Pmin, The minimum P-wave duration; QoL(MLHFQ), Quality
of life(The Minnesota Living with Heart Failure Questionnaire); ROS, Reactive oxygen species SCr, Serum creatinine; SRM, Sinus rhythm maintenance; TCM, Traditional chinese medicine; TER, Total effective rate;

TNF-a, Tumor necrosis factor-a.
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Fig. 1. PRISMA 2020 flow diagram.

QoL. In the case of the three studies initially identified as having incor-
rect measurement units for hs-CRP,%0*2 we contacted the authors via
email for clarification. However, despite our best efforts, we were un-
able to obtain email addresses. After a thorough internal discussion, the
research team ultimately decided to exclude these studies. Additionally,
we excluded one study*® that used measurements taken 3 months after
treatment for LAD instead of immediately after treatment. Therefore, the
meta-analysis included 8 studies for hs-CRP and 16 studies for LAD. The
most used prescription in these studies was the Shensong Yangxin Cap-
sule (SSYX), which appeared in 26 studies. The composition and dose
of SSYX were obtained from previous studies.** The names of the pre-
scriptions and details of their compositions and dosages in each study
are summarized in Supplementary Table 3. Among the included studies,
20 specified diagnostic criteria and 18 specified comorbidities. Further
details can be found in Supplementary Table 4.

3.3. Risk of bias of included studies

Most studies have raised concerns regarding the risk of bias. Of the
five areas of risk of bias, only four studies explicitly mentioned alloca-
tion concealment, which contributed to the low risk of bias in the ran-
dom sequence generation domain. The remaining studies were assessed
for concerns or high risk of bias. None of the studies provided protocols
for the selection of the reported result domain, making it impossible to
assess whether they followed a prespecified analysis plan. Consequently,
all studies were rated as having concerns or a high risk of bias in this
domain. Overall, the assessment of bias risk revealed that 34 studies
had some concerns, while 8 were at a high risk of bias. (Supplementary
Fig. 1)

3.4. Intervention effects

3.4.1. Frequency of paroxysmal atrial fibrillation

PAF Frequency was considered clinically effective when it decreased.
As each study used different evaluation metrics, such as events per day,
events per week, or events per month, we conducted a meta-analysis
using the SMD. In a meta-analysis of 16 studies that measured PAF Fre-
quency, the combination of HM and CM showed a significant decrease in
PAF frequency compared to CM alone. (SMD = -0.99, 95 % CI = —1.40
to —0.57, I* = 88 %, REM, N = 16, n = 1266) (Fig. 2)

3.4.2. Left atrium diameter

LAD (unit: mm) was considered clinically effective when it de-
creased, in the meta-analysis of 16 studies that measured LAD, the com-
bination of HM and CM showed a significant decrease compared to CM
alone. (MD= —2.39 mm, 95 % CI= —3.09 to —1.68, I’=75 %, REM,
N =16, n = 1246) (Supplementary Fig. 2 (a))

3.4.3. P-wave dispersion

Pd (unit: ms) was considered clinically effective when it decreased,
in the meta-analysis of 10 studies that measured Pd, the combination of
HM and CM showed a significant decrease compared to CM alone. (MD=
—6.41 ms, 95 % Cl= —8.44 to —4.37, 1>’=90 %, REM, N = 10, n = 807)
(Supplementary Fig. 2 (b))

3.4.4. high sensitive C-Reactive protein

hs-CRP (unit: mg/1) was considered clinically effective when it de-
creased, and the MCID was estimated to be 0.5 mg/L.*> In a meta-
analysis of 8 studies that measured hs-CRP, the combination of HM and
CM showed a significant decrease in hs-CRP compared to CM alone,
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Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
2021_Cui 33 3.06 1.6100 32 5.00 1.9300 —':— -1.08 [-1.60;-0.56] 5.1% 6.2%
2019_Zhang 20 6.406.1900 20 8.80 8.9800 T -0.31 [-0.93; 0.32] 3.6% 6.0%
2022_Wu 22 10.86 46300 26 13.58 5.5400 HE -0.52 [-1.10; 0.06] 4.2% 6.1%
2013_Luo 30 3.87 28900 30 6.07 2.2300 —T- -0.84 [-1.37;-0.31] 5.0% 6.2%
2015_Liu 30 17314200 30 226 1.5200 = -0.36 [-0.87; 0.15] 54% 6.3%
2009_Luo 54 8.20 36000 52 10.40 4.1000 13 -0.57 [-0.96;-0.18] 9.3% 6.5%
2021_Mu 30 167 15160 30 253 1.6340 *:-'— -0.54 [-1.05;-0.02] 5.3% 6.2%
2017_Liu 34 41310700 34 1042 23100 —*— i -3.45 [-4.22;-2.69] 2.4% 56%
2013_Shao 40 8.20 1.3000 40 11.50 1.6000 = E -2.24 [-2.81;-1.68] 4.4% 6.1%
2010_Han 47 6.20 3.1000 48 10.90 3.4000 = -1.43 [-1.88;-0.98] 6.8% 6.4%
2021_Xiao 55 202 12700 55 3.89 24000 - -0.97 [-1.36;-0.57] 8.9% 6.5%
2013_Cao 58 8.70 3.4000 58 11.20 4.1000 -~ -0.66 [-1.03;-0.29] 10.0% 6.5%
2010_Sheng 30 7.60 26000 30 13.60 3.0000 —& i -2.11 [-2.75;-1.47] 3.4% 5.9%
2012_Men 42 10.05 3.1600 42 9.98 3.1500 | B 0.02 [-0.41; 0.45] 7.6% 6.4%
2007_Han 54 8.20 3.5000 52 10.40 4.2000 i -0.57 [-0.95;-0.18] 9.3% 6.5%
2011_Liu 55 8.10 3.5000 53 10.30 4.2000 i -0.57 [-0.95;-0.18] 9.4% 6.5%
Common effect model 634 632 g -0.84 [-0.96; -0.72] 100.0% -
Random effects model : < : | -0.99 [-1.40; -0.57] - 100.0%

Heterogeneity: /° = 88%, t° = 0.6500, p < 0.01 I
-4

Fig. 2. Forest plot of paroxysmal atrial fibrillation frequency

2 0 2 4

(Experimental: Liriope Tuber included Traditional Herbal Medicine + Conventional Medicine; Control: Conventional Medicine only). The meta-analysis was conducted
using RStudio software. The results were presented as standardized mean difference with 95 % confidence intervals. A random-effects model was employed for the
meta-analysis with a significance level of 0.05. Additionally, the results from a common effect model were provided for sensitivity analysis. Heterogeneity was
assessed using the chi-square test and Higgins I? statistic. In the chi-squared test, a significance level of 0.10 was employed.

SD; Standard Deviation; SMD; Standardized Mean Difference.

with effect estimates larger than the MCID. (MD= —1.10 mg/l, 95 %
CI= -1.73 to —0.47, 1’=94 %, REM, N = 8, n = 693) (Supplementary
Fig. 2 (c))

3.4.5. Left ventricular ejection fraction

LVEF (unit:%) was considered clinically effective when it increased,
in the meta-analysis of 7 studies that measured LVEF, the combination
of HM and CM showed a significant increase compared to CM alone.
(MD=4.71%, 95 % CI=3.17 to 6.25, I’=77 %, REM, N = 7, n = 713)
(Supplementary Fig. 2 (d))

3.4.6. 6 min walking distance

6 MWD (unit: m) was considered clinically effective when it in-
creased, and the MCID is estimated to be 30m.“® In a meta-analysis
of five studies that measured 6 MWD, the combination of HM and CM
showed a significant increase compared to CM alone, with effect esti-
mates larger than the MCID. (MD = 75.07 m, 95 % CI=47.52 to 102.62,
P =78 %, REM, N = 5, n = 500) (Supplementary Fig. 2 (e))

3.4.7. Quality of life (The Minnesota living with heart failure
questionnaire)

QoL (points) was considered clinically effective when it increased,
and the MCID was estimated to be 8.2.%7 In a meta-analysis of five stud-
ies that measured QoL, the combination of HM and CM showed a sig-
nificant increase in QoL compared with CM alone, with effect estimates
larger than those of MCID. (MD=18.17 points, 95 % CI=8.72 to 27.63,
PP =98 %, REM, N = 5, n = 468) (Supplementary Fig. 2 (f))

3.5. Subgroup analyses

Subgroup analyses were conducted when possible, based on treat-
ment duration, daily dosage of Liriope Tuber, total dosage of Liriope
Tuber, and patient age for each outcome variable. In most subgroup
analyses, no significant differences were observed. However, subgroup
analysis based on the daily dosage of Liriope Tuber for LAD and hs-CRP
and the total dosage of Liriope Tuber for Pd and hs-CRP revealed that
a higher dosage of Liriope Tuber was associated with a reduced effect.

(Supplementary Fig. 3-1) A meta-regression analysis using the total dose
of Liriope Tubers of Pd as a predictor variable also showed a significant
difference, and the results were consistent with those of the subgroup
analysis. (Supplementary Fig. 3-2)

3.6. Adverse events

A total of 43 studies were reviewed, of which 19 reported AEs. How-
ever, a quantitative synthesis of the incidence of AEs through meta-
analysis is challenging due to the limited number of studies reporting
the number of cases of each AE in both the intervention and control
groups. Therefore, we aimed to provide a descriptive presentation of
the number of cases of each AE symptom. The most common AEs were
gastrointestinal symptoms, and other details can be found in Supple-
mentary 4.

3.7. Sensitivity analysis

When comparing the results of the meta-analysis between the fixed-
and random-effects models, there was no difference in the direction of
the effect estimates. For sensitivity analysis, we also conducted a Leave-
One-Out Meta-Analysis of the PAF frequency and outcomes considered
important in the GRADE evaluation, including Pd, hs-CRP, and LAD.
When performing a Leave-One-Out analysis for LAD, it was observed
that the studies "2020_Liu" and "2013_Luo" had the most influence on
the overall effect estimate but when they were excluded, the effect es-
timates remained within the 95 % CI of the overall effect estimate.
(Fig. 3 (a~b)) When individual studies were excluded from the meta-
analysis for PAF Frequency, Pd, and hs-CRP, it was found that the effect
sizes were not significantly affected, and the results remained robust.
Heterogeneity also showed minimal changes when individual studies
were excluded. (Supplementary Figure. 4) We also conducted a cumula-
tive meta-analysis for the sensitivity analysis. Cumulative meta-analyses
were conducted for the PAF Frequency and outcomes considered impor-
tant in the GRADE assessment, including Pd, hs-CRP, and LAD. Regard-
ing the frequency of PAF, there were 16 studies conducted between 2007
and 2022. As more studies were added to the analysis, the CI of the ef-
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(a ) = “Eect Size (Random.Effects Model) *
Sorted by Effect Size
(b) 7
Effect Size (Random-Effects Model)
Standardised Mean
Study Difference SMD 95%-Cl P-value Tau2 Tau 12
Adding 2007_Han (k=1) —?—'— -0.57 [-0.95;-0.18] <0.01 ; s :
Adding 2009_Luo (k=2) —i— -0.57 [-0.84,-0.29] <0.01 0 0 0%
Adding 2010_Han (k=3) — -0.80 [-1.03;-0.56] <001 0.1964 0.4431 81%
Adding 2010_Sheng (k=4) —==1 -0.96 [-1.18;-0.74] <0.01 0.4704 0.6858 88%
Adding 2011_Liu (k=5) N -0.86 [-1.05;-067] <001 0.3917 0.6258 85%
Adding 2012_Men (k=6) J:—'— -0.71 [-0.89;-0.54] <0.01 0.4834 0.6953 88%
Adding 2013_Luo (k=7) — -0.73 [-0.89;-0.56] <0.01 0.3891 0.6238 85%
Adding 2013_Shao (k=8) —=a— -0.85 [-1.00;-0.69] <0.01 0.5698 0.7549 90%
Adding 2013_Cao (k=9) - -0.82 [-0.96;-0.67] <0.01 0.4988 0.7063 88%
Adding 2015_Liu (k=10) - -0.78 [-0.92;-0.64] <0.01 0.4703 0.6858 87%
Adding 2017_Liu (k=11) = -0.87 [1.01;-0.73] <0.01 0.9404 0.9697 91%
Adding 2019_Zhang (k=12) =+ -0.84 [-0.98;-0.71] <0.01 0.8983 0.9478 91%
Adding 2021_Cui (k=13) . -0.86 [-0.99;-0.73] <0.01 0.8113 0.9007 90%
Adding 2021_Mu (k=14) - -0.84 [-0.97,-0.71] <0.01 0.7569 0.8700 89%
Adding 2021_Xiao (k=15) - -0.85 [-0.97,-0.73] <0.01 0.6900 0.8307 88%
Adding 2022_Wu (k=16) = -0.84 [-0.96;-0.72] <0.01 0.6500 0.8062 88%
Common effect model I<'> | | | -0.84 [-0.96; -0.72] <0.01 0.6500 0.8062 88%
-1 05 0 05 1
(c)

Fig. 3. Sensitivity analysis

(a) Leave-one-out meta-analysis of left atrium diameter (Sorted by I1?)

(b) Leave-one-out meta-analysis of left atrium diameter (Sorted by effect size)

(c) Cumulative meta-analysis of paroxysmal atrial fibrillation frequency (Sorted by year)

The sensitivity analysis was conducted using R Studio software. A leave-one-out meta-analysis was conducted to assess the influence of each study on the effect
estimates by excluding one study at a time, identifying studies that significantly influenced heterogeneity. A cumulative meta-analysis was also performed to evaluate
how the average effect estimates, and CI changed as studies were added individually over time. The results in (a) and (b) are presented as mean differences with
95 % confidence intervals and results in (c) are presented as standardized mean differences. A random-effects model with a significance level of 0.05 was employed
for the sensitivity analysis in (a) and (b), whereas a common effect model was utilized in (c).

SMD; Standardized Mean Difference.
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Fig. 4. Contour-enhanced funnel plot
(a) Paroxysmal atrial fibrillation frequency (Trim & Fill Method)
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Contour-Enhanced Funnel Plot (Outliers Removed+Trim & Fill Method)
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(b) Standardised Mean Difference

(b) Paroxysmal atrial fibrillation frequency (Outliers Removed + Trim & Fill Method)
(a) No studies added. (b) The "find.outliers" command in the RStudio "meta" package revealed four studies: "2017_Liu," "2013_shao," "2010_sheng," and "2012_men."

The trim and fill method added '2019_zhang’.

fect estimates gradually narrowed, and the point estimate steadily con-
verged towards a singular value. The stable cumulative meta-analysis
results indicated that subsequent study findings were likely to have a
minimal impact on the meta-analysis of PAF Frequency (Fig. 3(c)). The
cumulative meta-analysis of Pd, hs-CRP, and LAD showed the same re-
sults. (Supplementary Figure. 5)

3.8. Publication bias

LAD and Pd had low probabilities of publication bias (Supplemen-
tary Figure 6). However, for PAF, frequency asymmetry was observed in
the funnel plot, and Egger’s test indicated a high probability of publica-
tion bias, with P-values of 0.02. Two methods were employed to analyze
the impact of publication bias on the effect estimate of PAF frequency.
First, the trim-and-fill method was applied and resulted in the inclu-
sion of no additional studies. Second, due to substantial heterogeneity
(I> = 88 %) in PAF frequency, potential outliers were identified using the
"find.outliers" command in RStudio "meta" package, revealing four stud-
ies: "2017_Liu," "2013_shao," "2010_sheng," and "2012_men." When the
trim and fill method was applied with these four studies excluded, one
additional study, "2019_zhang," was included. The results of the meta-
analysis (SMD=-0.73, 95 % CI=-0.90, —0.56, I = 44 %) remained sta-
tistically significant (P < 0.01). (Fig. 4)

3.9. Certainty of evidence

Certainty of evidence was rated as "low" for PAF frequency, LAD,
Pd, hs-CRP, and LVEF. The downgrade in the certainty of evidence for
PAF frequency was due to variations in measurement units among stud-
ies, with no clear explanation. All outcome variables that assessed the
certainty of the evidence were downgraded because of risk of bias, in-
consistency, or indirectness. (Table 2)

3.10. Network analysis

The herb network of LTHM was constructed and is represented in
Supplementary Table 5. Four modules were identified in this study.
(Fig. 5) For each module, the top five herbs with the highest cen-
trality values are represented Supplementary Table. 6. The rankings
of herbs for each centrality metric were generally consistent, and
herbs frequently used in LTHM tended to exhibit higher centrality
values.

4. Discussion
4.1. Summary of evidence

We conducted a systematic review and meta-analysis on the ef-
fects and safety of LTHM in patients with PAF. In total, 43 stud-
ies were analyzed qualitatively, and 38 studies were analyzed quan-
titatively. The meta-analysis demonstrated that the combination ther-
apy of HM and CM may have a notable impact on PAF frequency,
Pd, hs-CRP, LAD, LVEF, 6 MWD, and QoL, when compared with CM
monotherapy. Sensitivity analysis revealed that the effect estimates of
the meta-analysis were robust. However, the overall risk of bias was
high, and the likelihood of publication bias and the certainty of evi-
dence in the primary outcome were rated as "low." Additionally, con-
siderable heterogeneity was noted among the studies included in this
meta-analysis, indicating that the results should be interpreted with
caution.

4.2. Agreements and disagreements with other reviews

A systematic review and meta-analysis of SSYX for PAF found that it
significantly improved Pd (MD= -13.92, 95 % CI= —15.53 to —12.30,
P =0%, REM, N = 3, n = 196) and QoL (MD=25.98, 95 % CI=23.30 to
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Table 2

GRADE recommendation.

Certainty assessment Ne of patients Effect
Liriope Tuber Certainty Importance
Other included traditional ~ Conventional Relative Absolute

Ne of studies Study design Risk of bias Inconsistency Indirectness Imprecision considerations herbal medicine Medicine (95 % CI) (95 % CI)

PAF Frequency

16 randomised trials serious” serious® ¢ serious? not serious none 634 632 - SMD 0.99 SD fewer PSP  CRITICAL
(1.4 fewer to 0.57 Low
fewer)

LAD

16 randomised trials serious” serious® serjous? not serious none 406 401 - MD 2.39 lower DPHOQO  CRITICAL
(3.09 lower to 1.68  Low
lower)

hs-CRP

8 randomised trials serious” serious® serious? not serious none 348 345 - MD 1.10 lower SDOO  IMPORTANT
(1.73 lower to 0.47  Low
lower)

Pd

10 randomised trials serious” serious® serious? not serious none 357 356 - MD 6.41 lower HPOQO  IMPORTANT
(8.44 lower to 4.37  Low
lower)

LVEF

7 randomised trials serious” serious® serious? not serious none 626 620 - MD 4.71 more HPOQO  IMPORTANT
(3.17 more to 6.25  Low

more)

CI, confidence interval; MD, mean difference; SMD, standardised mean difference, PAF, paroxysmal atrial fibrillation, LAD, Left atrium diameter, Pd, P-wave dispersion, LVEF, Left ventricular ejection fraction.

Explanations.
a

b

d

. All studies were assessed for some concerns or high risk of bias.

. The units of measurement are different, and the explanation is not clear.
¢ . Substantial or considerable heterogeneity.

. The interventions were complex, with Liriope Tuber being only one component of the regimen.
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The Herb Network of LTHM

Fig. 5. The herb network of traditional herbal medicine including Liriope Tubers.
The nodes of the network indicate all the herbs used in traditional herbal medicine including Liriope Tuber. A linkage was defined between two herbal nodes if there
was a common appearance between the two herbs in a prescription. Visualization was performed using the Fruchterman-Reingold layout.

28.65, 12=57 %, REM, N = 3, n = 266). These effects were more favor-
able than the results of the meta-analysis presented in this study. This
aligns with the findings of the subgroup analysis in this study, which in-
dicated that the effect estimates of SSYX were higher than those of the
other herbal medicines. Subgroup analyses revealed that SSYX, with a
daily dosage of less than 10 g, had superior effects compared to other
decoctions with a daily dosage of 10 g or more, possibly due to its con-
venient pill form, which promotes better compliance. The longer treat-
ment duration of approximately 18 weeks for SSYX, compared to about
13 weeks for other decoctions, may have also contributed to its more fa-
vorable outcomes. However, this study did not determine which herbal
medicine is most effective for specific outcome variables, leaving room
for future research such as network meta-analyses to explore this issue
further.
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4.3. Possible mechanism of LTHM

Liriope Tuber has demonstrated pharmacological effects by promot-
ing SERCA2a activity and maintaining intracellular calcium homeosta-
sis, thus protecting myocardial cells.*® Additionally, one of the saponin
monomers of Liriope Tuber, 13 (DT-1), has cardioprotective effects.*® In
the perspective of EATM, PAF is categorized under various terms such
as palpitate (:[>{F), fearful throbbing (fE{") and dizziness ([%4). It is
believed to result from a combination of various factors that ignite heart
fire (.>/k) and disrupt the heart orifice (:0>%). These factors may include
phlegm and blood stasis among others, leading to the manifestation of
this condition.>® In EATM, Liriope Tuber is known for its efficacy in
nourishing yin, moistening the lungs, calming the mind, benefiting the
stomach, and generating fluid. Therefore, it is effective for AF caused
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by Deficiency of the Heart and Kidneys, phlegm, and conditions arising
from the transform into fire (£ k).

4.4. Diagnostic challenges

The clinical trials included in this study have some limitations re-
garding the diagnosis of PAF. Among the 43 studies, 23 did not specify
the diagnostic criteria. Even among the studies that specified the crite-
ria, the criteria varied. The diagnosis of AF is recommended to involve
electrocardiographic measurements for at least 30 s. Based on its dura-
tion, AF is classified into PAF, persistent atrial fibrillation, long-standing
persistent atrial fibrillation, and permanent atrial fibrillation. In cases
where both paroxysmal and persistent atrial fibrillation coexist, which
makes it difficult to determine a clear treatment approach based solely
on this classification, recent practices have divided AF into categories
based on treatment and prognosis.®’ Therefore, in future clinical trials
of herbal fibrillation, it is essential to design studies that incorporate the
latest diagnostic criteria for AF to ensure accurate diagnosis and treat-
ment.

4.5. Strengths and limitations of review

One of the strengths of this study was that it conducted a compre-
hensive search without restrictions on country or language, resulting in
a sufficient number of included studies for the meta-analysis (38 stud-
ies). This allowed for robust effect estimates in sensitivity analyses, such
as leave-one-out and cumulative meta-analyses. Additionally, this en-
abled the assessment of publication bias for the three outcome variables.
Moreover, in the fields of EATM and AF, systematic reviews often en-
counter issues related to insufficient sample sizes, leading to frequent
downgrades owing to imprecision in the GRADE methodology. How-
ever, these issues were not addressed in this study. Second, this study
adhered to PRISMA guidelines. Third, this study selected outcome vari-
ables that aligned with the consensus recommendations for AF clinical
trials. In the selection of outcome variables in RCTs of AF, expert con-
sensus was obtained in seven areas: mortality, stroke, symptoms and
quality of life, rhythm, left atrial function, cost, and emerging surrogate
outcome parameters.>?

However, this study had several limitations. First, 24 of the 43
studies did not report any AEs. Additionally, there were insufficient
studies reporting the number of participants experiencing AEs to con-
duct a quantitative synthesis. Therefore, a descriptive presentation was
provided instead of a quantitative synthesis; however, future research
should focus on the safety of LTHM in AF treatment. Additionally, it is
important to note that all the studies included in this research were con-
ducted in China, and all participants were of Chinese ethnicity. There-
fore, the generalizability of the results is uncertain. Third, PAF frequency
was evaluated for possible publication bias. The trim and fill method
analysis revealed that publication bias had a de minimis influence on
the effect estimate of PAF frequency. Although we conducted a sensi-
tivity analysis when interpreting the results of this meta-analysis, it is
important to consider the possibility of publication bias. Fourth, there
were no long-term outcomes reported, which is an important benefit
of herbal medicines. Finally, interpretation must proceed with caution
since Liriope Tubers were only one component of the regimen in this
study. This may make it challenging to apply these results to the clin-
ical setting; nevertheless, this study will provide a useful resource for
future studies.

4.6. Implications for further research

This study requires cautious interpretation owing to the methodolog-
ical limitations of the included studies. In terms of future research de-
sign, to enhance the quality of studies, adherence to reporting standards
such as Consolidated Standards of Reporting Trials (CONSORT)>® and
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guidelines specific to traditional Chinese medicine and herbal interven-
tions®#>5 is recommended. Moreover, it is essential to employ appro-
priate methods of blinding and allocation concealment to minimize the
risk of bias. To improve the transparency of reporting, pre-registration,
and publicly available protocols are encouraged. Furthermore, clinical
trials should be conducted to determine the long-term effectiveness and
safety of herbal medicines. This study was a systematic review and meta-
analysis of LTHM, with all included studies involving herbal medicines
that combined Liriope Tuber with various other herbs. Therefore, the
meta-analysis results do not specifically highlight the isolated effects of
Liriope Tubers. Conducting research to assess the effects of Liriope Tu-
ber alone can be challenging because of the clinical practice trend in
East Asia, where multiple herbs are combined in herbal decoctions. Ex-
ploratory analyses such as subgroup analyses based on daily and total
dosages, as employed in this study, offer a more feasible approach. For
further studies investigating the sole effects of a single herbal medicine,
pharmacoepidemiological study designs that consider the dosage of the
herbal medicine are required.

4.7. Conclusion

In conclusion, the combination of LTHM and CM may be effective
in reducing the frequency of PAF. However, due to the complexity of
interventions, with Liriope Tuber being only one component of the reg-
imen, the overall risk of bias was high, and the likelihood of publication
bias and the certainty of evidence in the primary outcome were rated
as "low." Therefore, these results should be interpreted with caution.
The secondary outcomes of Pd, hs-CRP, LAD, LVEF, 6 MWD, and QoL
also showed significant improvements; however, there was considerable
heterogeneity among the studies included in this meta-analysis. Further
studies are needed to confirm the robustness of the results. Moreover,
the meta-analysis results do not specifically highlight the isolated effects
of Liriope Tubers. For further studies investigating the sole effects of
a single herbal medicine, pharmacoepidemiological study designs that
consider the dosage of the herbal medicine are required. In the future,
clinical trials of herbal medicines for PAF should be conducted to deter-
mine their long-term effectiveness and safety. These trials should adhere
to strict methodological standards, including the CONSORT guidelines,
and should be transparent through pre-registration and publishing of
protocols.
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