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Background: Dementia is a global health concern, causing serious health and
socioeconomic burdens with population aging. The associated symptoms of dementia,
called behavioral and psychological symptoms of dementia (BPSD), are factors
contributing to the socioeconomic burden of dementia. Recently, herbal medicine (HM)
has attracted attention as a potential complementary therapy for BPSD. Therefore, this
systematic review was aimed at analyzing the effectiveness (or efficacy), safety, and
research status of HM in BPSD management through a comprehensive review.

Methods: Thirteen electronic databases were searched comprehensively. Related clinical
studies published until December 28, 2020, were collected. The methodological quality was
evaluated using tools such as the Cochrane Collaboration’s risk of bias tool according to the
study design. The effectiveness (or efficacy) was analyzed for randomized controlled trials (RCTs)
only, and when sufficient homogeneity was assured, effect estimates were presented as mean
difference (MD) and risk ratio (RR), with 95% confidence interval (Cls), through a meta-analysis.

Results: A total of 52 clinical studies, including 36 RCTs, were included in this review. As
an adjunctive therapy, HM showed statistically significant benefits in BPSD severity
assessed by the Behavior Pathology in Alzheimer’s Disease Rating Scale (combined
with psychotropic drugs: MD = -3.48, 95% Cl: —=3.96 to —2.99; with anti-dementia drugs:
MD = -2.81, 95% Cl: -3.17 to —2.45) and Neuropsychiatric Inventory (with anti-dementia
drugs: MD = -3.23, 95% CI: -4.06 to -2.40). Adverse events were significantly less
frequent in the HM group (RR = 0.50; 95% CI: 0.28 to 0.88). However, the methodological
quality of the RCTs included in this systematic review was not optimal overall.

Conclusion: According to the findings of this review, HM may be associated with
additional benefits in BPSD treatment, particularly when used as an adjunct to
conventional medications, including psychotropic and anti-dementia drugs. However,
considering the methodological quality of the included RCTs, this clinical evidence is not
robust. Nevertheless, dementia is a global health concern, and considering the limitations
of conventional psychotropic drugs for BPSD, a major cause of the disease burden, HM
appears to be a promising complementary therapy that warrants further research.
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INTRODUCTION

Dementia is a global health concern, causing serious health and
socioeconomic burdens with population aging. A study
comparing its prevalence and costs between 2010 and 2015
calculated overall annual trends and predicted that the
worldwide costs of dementia in 2030 would reach
approximately US $2 trillion (Wimo et al., 2017). The clinical
manifestation of dementia can be classified into cognitive decline,
i.e., core symptoms, and associated symptoms called behavioral
and psychological symptoms of dementia (BPSD) (Ohno et al,
2019). BPSD is a term that encompasses various behavioral
problems and psychological symptoms that may occur in
patients with dementia and is related to the poor patient
prognosis, burden  of  caregivers, and risk of
institutionalization,  consequently  contributing to the
socioeconomic burden of dementia (Cerejeira et al, 2012).
BPSD is present in most patients with dementia, particularly
hyperactivity, apathy, depression, and anxiety, with moderate or
higher incidence (van der Linde et al., 2016).

Although  pharmacological ~ approaches,  including
psychotropic drugs, are frequently used to manage BPSD in
clinical settings (Ozaki et al., 2017), the results are occasionally
unsatisfactory, and  drugs such as antipsychotics,
benzodiazepines, and Z-drugs are associated with adverse
events (AEs), such as increased risk of falls and all-cause
mortality (Landi et al, 2005; Ralph and Espinet, 2018).
Moreover, patients with dementia are mostly elderly, and the
use of several psychotropic drugs in the population is considered
a “potentially inappropriate medication,” which discourages the
use of psychotropic drugs for BPSD (By the 2019 American Geri,
2019). Therefore, more effective and safe treatments for BPSD
management are necessary.

East Asian traditional medicine (EATM) is a medical
system that has been established in Asian countries for a
long time, and some countries, such as Korea, Japan, China,
and Taiwan, use it in their national medical systems (Park
et al,, 2012). As an EATM modality, herbal medicine (HM) is
considered to be a management strategy for dementia,
particularly BPSD. For example, an HM called Yokukansan
is effective against the positive symptoms of BPSD (Matsuda
et al, 2013). However, other types of HMs can also be
considered in the management of BPSD, highlighting the
need for a comprehensive review of the various HMs that
can be used in BPSD (Howes et al., 2017). Therefore, this
systematic review was aimed at analyzing the effectiveness (or
efficacy), safety, and research status of HM in BPSD
management through a comprehensive review.

MATERIALS AND METHODS

We registered the protocol of this systematic review in the
OSF registries (URL: https://osf.io/3u8ch) and International
Prospective Register of Systematic Reviews (URL: https://www.
crd.york.ac.uk/prospero/display_record.php?ID=CRD42020211000)
before beginning the study. The study protocol was as
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previously described (Kwon et al, 2021). No amendments
were made to the information provided in the protocol. We
report the systematic review in accordance with the Preferred
Reporting Items for Systematic Review and Meta-Analysis 2020
checklist (Page et al., 2021).

Information Sources and Search Strategy
One researcher (B Lee) searched MEDLINE via PubMed,
EMBASE via Elsevier, the Cochrane Central Register of
Controlled Trials, Allied and Complementary Medicine
Database via EBSCO, Cumulative Index to Nursing and
Allied Health Literature via EBSCO, PsycARTICLES via
ProQuest, Oriental Medicine Advanced Searching Integrated
System, Koreanstudies Information Service System, Research
Information Service System, Korean Medical Database, Korea
Citation Index, China National Knowledge Infrastructure,
and Wanfang Data on December 28, 2020. Articles
published from the inception of the database to the search
date were screened. We also identified additional eligible
articles through reviews of relevant literature reference lists
and trial registries, such as clinicaltrials.gov, and consultation
with experts in this area to include additional gray literature.
The detailed search strategies are described in Supplementary
Material S1.

Eligibility Criteria

We included all types of original clinical studies, including
randomized controlled clinical trials (RCTs),
randomized controlled clinical trials (CCTs), and before-after
studies without restrictions on the publication language or
publication status. Studies involving patients with any type of
dementia in long-term care facilities, community, or specialized
geriatric assessments and psychiatric units were included.
Although there were no restrictions on the sex, age, or race
of the participants, studies that did not provide diagnostic
criteria or a validated assessment tool for inclusion and
studies on patients with drug allergies or other serious
illnesses, such as cancer, liver disease, or kidney disease, were
excluded. We included studies involving oral HM based
on EATM theories as a monotherapy or adjunctive
therapies to psychotropic drugs, with or without routine care
for dementia as treatment interventions. Although there
were no restrictions on the dosage form of HM, we excluded
studies that did not list the composition of HM, except for
patent drugs. For the control intervention, we included
studies involving wait-list, placebo, or psychotropic drugs,
with or without routine care for dementia, such as anti-
dementia drugs.

The primary outcome was the severity of BPSD symptoms,
such as scores of the Behavior Pathology in Alzheimer’s
Disease Rating Scale (BEHAVE-AD) (Sclan et al., 1996),
Neuropsychiatric Inventory (NPI) (Cummings et al., 1994),
and Brief Psychiatric Rating Scale (BPRS) (Overall and
Gorham, 1962). The secondary outcomes included 1) total
effective rate (TER) for BPSD symptoms; 2) activities of daily
living (ADLs) of patients, such as the Barthel Index (Mahoney
and Barthel, 1965) and the Functional Independence Measure

non-
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(Linacre et al., 1994), as well as instrumental ADL (IADL),
such as the Activities of Daily Living Prevention Instrument
(Galasko et al., 2006); 3) quality of life (QoL) of patients, such
as the Alzheimer Disease Related Quality of Life (Kasper et al.,
2009); 4) caregiver burden of caregivers, such as the Caregiver
Burden Inventory (Novak and Guest, 1989); 5) QoL of
caregivers, such as the Short Form 36 Health Survey (Ware
and Sherbourne, 1992); 6) placement in a long-term care
facility from home; and 7) safety data, such as incidence
of AEs.

Study Selection

All documents retrieved from the databases and other sources
were imported into EndNote X8 (Clarivate Analytics,
Philadelphia, United States). Using “Find Duplicates” function
in EndNote X8 and manual searching, duplicate documents were
excluded, and two researchers (CY Kwon and B Lee)
independently reviewed the possibility of inclusion by
reviewing the titles and abstracts. For the first included
documents, the final documents to be included were
determined through a review of full texts. Disagreements
between the two researchers in the study selection process
were resolved through consensus.

Data Extraction

Two researchers (CY Kwon and B Lee) independently extracted
the data from the included studies using a pre-defined form in
Excel 2016 (Microsoft, Redmond, WA, United States). The
extracted information included the first author’s name,
publication year, country, sample size and dropout, details of
participants, treatment and control intervention, duration of
intervention, main outcome measures and results after
treatment ended, AEs, and information to assess the risk of
bias (RoB). When the data in each included study were
insufficient, we contacted the corresponding authors of the
original studies via e-mail. Disagreements between the
researchers in the data extraction process were resolved
through consensus.

RoB Assessment

To assess the RoB of the included RCTs, we used Cochrane
Collaboration’s RoB tool comprising domains of random
sequence generation, allocation concealment, blinding of
participants, personnel, and outcome assessors, completeness
of outcome data, selective reporting, and other biases. In
particular, we assessed other bias items based on the statistical
baseline imbalance between the treatment and control groups,
such as the participant’s mean age, sex, disease period, or
disease severity. Each domain was assessed as “low risk,”
“unclear risk,” or “high risk” (Higgins, 2011), and the
evaluation results are presented as a figure using Review
Manager software, version 5.4 (Cochrane, London,
United Kingdom). For included CCTs, before-after studies,
and case reports, we used the Risk Of Bias In Non-randomized
Studies of Interventions tool (Sterne et al., 2016), The Quality
Assessment Tool for Before-After (Pre-Post) Studies With No
Control Group National Heart, Lung, and Blood Institute

Herbal Medicine for BPSD

(NHLBI) (2013), and the Quality Assessment Tool for Case
Series Studies National Heart, Lung, and Blood Institute
(NHLBI) (2013), respectively. Two researchers (CY Kwon
and B Lee) independently assessed the RoB of the included
studies, and discrepancies were resolved through consensus.

Data Synthesis and Analysis

A descriptive analysis of the findings, including the demographic
characteristics of the participants, details of the interventions, and
outcomes, were conducted for all included studies. If there were
two or more studies using the same type of treatment and control
interventions, with the same outcome measures among our
primary and secondary outcomes, a meta-analysis was
conducted using Review Manager software (version 5.4;
Cochrane, London, United Kingdom). For continuous and
binary outcomes, the mean difference (MD) and risk ratio
(RR) were calculated with 95% confidence interval (CI). We
assessed heterogeneity using both the x* test and the I
statistic, and I° values greater than 50 and 75% were
interpreted as substantial and considerable heterogeneity,
respectively. We pooled the meta-analyzed results using a
random-effects model if the included studies had significant
heterogeneity (I* > 50%) and a fixed-effect model if the
heterogeneity was insignificant or if less than five studies were
included in the meta-analysis because of lack of precision in the
estimate of the between-study variance (Guyatt et al, 2002;
2011). We planned subgroup analyses
according to the severity of dementia, type of dementia,
severity of BPSD, and treatment duration, if necessary data
were available. The Mini-Mental State Examination score was
used to classify the severity of dementia of the participants, with
scores of 20-24, 13-20, and 12 or less regarded as mild, moderate,
and severe, respectively. Additionally, we conducted a sensitivity
analysis to identify the robustness of the results of the meta-
analysis by excluding 1) studies with high RoB and 2) outliers that
are numerically distant from the rest of the data. If more than ten
studies were included in each meta-analysis, we planned to assess
the publication bias using a funnel plot.

Balshem et al.,

RESULTS

Study Selection

A total of 21,673 articles were identified through the database
search, and there were no additional records from other sources.
After removing duplicates, the titles and abstracts of 16,560
articles were screened for inclusion. After excluding 16,415
articles, the full texts of the remaining 145 articles were
assessed for final inclusion. We excluded a total of 93 articles,
including one for not being an original article, six for not being
clinical studies, 11 for being only abstracts without raw data, two
for not being about dementia, three for having accompanying
diseases other than dementia, eight for not reporting diagnostic
criteria of dementia, three for not being about oral HM, six for not
reporting details of HM, two for comparing different HMs, three
for using traditional Chinese medicine other than HM, 36 for not
reporting the outcome of interest, eight for using duplicate data,
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() Records identified through database searching
c (n=21,673)
o Medline (n = 3,776); EMBASE (n = 7,743); CENTRAL (n = 419); _— . -
8 AMED (n = 471); CINAHL (n = 7,945); PsycARTICLES (n = 42); Add:'°"aLre°ﬁrds idErmtitied
£ OASIS (n = 7); KISS (n = 6); KCI (n = 6); KMbase (n = 7); SRR e
< RISS (n = 11); CNKI (n = 280); Wanfang data (n = 960) (n=0)
2
_J v v
— Records after duplicates removed
(n = 16,560)
=
c
8 A\ 4
S
) Records screened N Records excluded
(n=16,560) " (n=16,415)
)
() v
Full-text articles assessed Full-text articles excluded, with
= for eligibility > reasons (n = 93)
S (n=145) -not original article: 1
E" -not clinical study: 6
= -only abstract available without raw
Y data: 11
_J Studies included in -not about dementia: 2
qualitative synthesis -accompany diseases other than
) (n=52) dementia: 2
RCT (n = 36); CCT (n = 2); -not report diagnostic criteria of
- Cohort (n = 1); Before- dementia: 8
£ after study (n = 12); Case -not about oral HM: 3
—3 report (n =1) -not report details of HM: 6
i -comparison of different HMs: 2
-using other EATM other than HM: 3
Y -not report outcome of interest: 37
—
Studies included in -use duplicate data: 8
quantitative synthesis -not available full-text: 4
(meta-analysis)
(n=25)
FIGURE 1 | A PRISMA flow diagram of the literature screening and selection processes. AMED, Allied and Complementary Medicine Database; CENTRAL,
Cochrane Central Register of Controlled Trials; CCT, non-randomized controlled clinical trial; CINAHL, Cumulative Index to Nursing and Allied Health Literature; CNKI,
China National Knowledge Infrastructure; HM, herbal medicine; KCI, Korea Citation Index; KISS, Koreanstudies Information Service System; KMbase, Korean Medical
Database; OASIS, Oriental Medicine Advanced Searching Integrated System; RCT, randomized controlled trial; RISS, Research Information Service System; TCM,
traditional Chinese medicine.

and four for unavailable full-texts (Supplementary Material S2).
Finally, we reviewed 52 studies, including 36 RCTs (Chen et al.,
1997; Terasawa et al., 1997; Motohashi, 2006; Mizukami et al.,
2009; Monji et al., 2009; Okahara et al., 2010; Guo et al., 2011a;
Zhang, 2012; Chen et al., 2013; Shen, 2013; Teranishi et al., 2013;
Pan et al.,, 2014; Pu et al.,, 2014; Yao et al.,, 2014; Zhang et al,,
2015a; Du et al., 2015; Hu et al., 2015; Liu et al., 2015; Zhou, 2015;
Zhou and Wei, 2015; Lin et al., 2016; Furukawa et al., 2017; Zuo,
2017; Fang et al,, 2018; Gu et al., 2018; Han, 2018; Li et al., 2018;
Shen et al., 2018; Zhang et al., 2018; Zhou, 2018; Huang and Xu,
2019; Shen et al., 2019; Zhu et al., 2019; Chen, 2020; Li, 2020; Shi

et al.,, 2020), two CCTs (Kudoh et al., 2016; Xu, 2018), one cohort
(Meguro and Yamaguchi, 2018), 12 before-after studies (Iwasaki
etal., 2005; Xu et al., 2007; Shinno et al., 2008; Hayashi et al., 2010;
Kawanabe et al., 2010; Guo et al., 2011b; Iwasaki et al., 2012;
Nagata et al, 2012; Yang et al, 2012; Sumiyoshi et al., 2013;
Ohsawa et al., 2017; Manabe, 2020), and one case report (Shinno
etal,, 2007). Among them, 25 RCTs (Terasawa et al., 1997; Monji
etal,, 2009; Guo et al., 2011a; Zhang, 2012; Chen et al., 2013; Shen,
2013; Pan et al., 2014; Pu et al,, 2014; Zhang et al., 2015a; Du et al,,
2015; Liu et al., 2015; Zhou, 2015; Zhou and Wei, 2015; Lin et al.,
2016; Furukawa et al., 2017; Zuo, 2017; Fang et al., 2018; Gu et al,,
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2018; Han, 2018; Li et al., 2018; Shen et al., 2018; Huang and Xu,
2019; Zhu et al., 2019; Li, 2020; Shi et al., 2020) were included in
the meta-analysis (Figure 1).

Study Characteristics

Thirty-four studies (Chen et al., 1997; Chen et al., 2013; Chen,
2020; Du et al., 2015; Fang et al., 2018; Gu et al., 2018; Guo et al.,
2011a; Han, 2018; Hu et al., 2015; Huang and Xu, 2019; Li, 2020;
Li et al., 2018; Lin et al., 2016; Liu et al., 2015; Motohashi, 2006;
Pan et al., 2014; Pu et al., 2014; Shen, 2013; Shen et al., 2019; Shen
et al,, 2018; Shi et al., 2020; Yao et al., 2014; Zhang et al., 2015a;
Zhang et al.,, 2018; Zhang, 2012; Zhou, 2018; Zhou, 2015; Zhou
and Wei, 2015; Zhu et al.,, 2019; Zuo, 2017; Xu, 2018; Guo et al.,
2011b; Xu et al,, 2007; Yang et al., 2012) were published in China,
and 18 studies (Furukawa et al., 2017; Mizukami et al., 2009;
Monji et al., 2009; Okahara et al., 2010; Teranishi et al., 2013;
Terasawa et al., 1997; Kudoh et al., 2016; Meguro and Yamaguchi,
2018; Hayashi et al., 2010; Iwasaki et al., 2012; Iwasaki et al., 2005;
Kawanabe et al., 2010; Manabe, 2020; Nagata et al., 2012; Ohsawa
et al., 2017; Shinno et al., 2008; Sumiyoshi et al., 2013; Shinno
et al., 2007) were published in Japan. The type of dementia was
Alzheimer’s disease, vascular dementia, two or more types of
dementia, and dementia with Lewy bodies in 26 (Chen, 2020;
Fang et al., 2018; Furukawa et al., 2017; Gu et al., 2018; Guo et al.,
2011a; Han, 2018; Hu et al., 2015; Li, 2020; Li et al., 2018; Lin
etal, 2016; Liu et al., 2015; Monji et al., 2009; Okahara et al., 2010;
Pan et al., 2014; Zhang et al., 2015a; Zhang et al., 2018; Zhou,
2018; Zhou, 2015; Zhou and Wei, 2015; Zuo, 2017; Kudoh et al.,
2016; Meguro and Yamaguchi, 2018; Guo et al., 2011b; Hayashi
etal., 2010; Ohsawa et al., 2017; Yang et al., 2012), 12 (Chen et al.,
1997; Motohashi, 2006; Pu et al., 2014; Shen et al., 2019; Shen
et al,, 2018; Shi et al., 2020; Terasawa et al., 1997; Yao et al., 2014;
Zhu et al., 2019; Xu, 2018; Nagata et al., 2012; Xu et al., 2007), five
(Chen et al.,, 2013; Du et al, 2015; Shen, 2013; Zhang, 2012;
Sumiyoshi et al., 2013), and four (Iwasaki et al., 2012; Iwasaki
et al, 2005; Manabe, 2020; Shinno et al., 2007) studies,
respectively. Among RCTs, HM was evaluated as a
monotherapy, control, psychotropic drug, and placebo in 16
(Chen et al., 1997; Chen et al.,, 2013; Furukawa et al., 2017;
Mizukami et al., 2009; Pan et al., 2014; Pu et al., 2014; Shen, 2013;
Shi et al., 2020; Teranishi et al., 2013; Terasawa et al., 1997; Zhang
et al., 2015a; Zhang, 2012; Zhou, 2018; Zhou, 2015; Zhou and
Wei, 2015; Zuo, 2017), nine (Chen et al.,, 2013; Pu et al., 2014;
Shen, 2013; Teranishi et al., 2013; Zhang et al., 2015a; Zhang,
2012; Zhou, 2018; Zhou, 2015; Zuo, 2017), and four (Furukawa
et al., 2017; Pan et al., 2014; Shi et al., 2020; Terasawa et al., 1997)
studies, respectively. Twenty studies (Chen, 2020; Du et al., 2015;
Fang et al., 2018; Gu et al., 2018; Guo et al., 2011a; Han, 2018; Hu
etal,, 2015; Huang and Xu, 2019; Li, 2020; Li et al., 2018; Lin et al.,
2016; Liu et al, 2015; Monji et al., 2009; Motohashi, 2006;
Okahara et al., 2010; Shen et al., 2019; Shen et al., 2018; Yao
et al., 2014; Zhang et al., 2018; Zhu et al., 2019) evaluated HM as
an adjunctive therapy. Anti-dementia drugs were the most used
as a control group in 11 studies (Chen, 2020; Du et al,, 2015; Fang
etal.,, 2018; Guo et al., 2011a; Han, 2018; Hu et al., 2015; Li, 2020;
Liu et al., 2015; Okahara et al., 2010; Shen et al., 2018; Zhu et al.,
2019), followed by psychotropic drugs in six studies (Gu et al.,
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2018; Huang and Xu, 2019; Li et al., 2018; Lin et al., 2016; Monji
etal., 2009; Zhang et al., 2018). In a total of 13 studies (Chen et al.,
2013; Guo et al,, 2011a; Han, 2018; Hu et al., 2015; Huang and Xu,
2019; Lin et al., 2016; Pu et al., 2014; Yao et al., 2014; Zhang et al,,
2018; Zhou, 2015; Zhu et al., 2019; Guo et al., 2011b; Yang et al,,
2012), participants were recruited according to pattern
identification, of which blood stasis was the most common
(six studies) (Chen et al., 2013; Hu et al., 2015; Pu et al., 2014;
Yao et al,, 2014; Zhu et al., 2019; Yang et al,, 2012), followed by
phlegm (five studies) (Chen et al,, 2013; Hu et al., 2015; Lin et al.,
2016; Zhu et al., 2019; Yang et al., 2012) or kidney deficiency (five
studies) (Chen et al., 2013; Guo et al.,, 2011a; Hu et al.,, 2015;
Huang and Xu, 2019; Guo et al,, 2011b). The treatment period
ranged from 2 weeks to 2 years, of which 4 weeks (1 month) was
the most common in 20 studies (Chen et al., 2013; Chen, 2020;
Furukawa et al., 2017; Guo et al.,, 2011a; Li, 2020; Mizukami et al.,
2009; Okahara et al., 2010; Zhou, 2018; Xu, 2018; Guo et al,
2011b; Hayashi et al., 2010; Iwasaki et al., 2012; Iwasaki et al.,
2005; Kawanabe et al., 2010; Manabe, 2020; Nagata et al., 2012;
Shinno et al.,, 2008; Sumiyoshi et al., 2013; Yang et al,, 2012;
Shinno et al., 2007), followed by 8 weeks (2 months) in 12 studies
(Chen et al,, 1997; Fang et al., 2018; Huang and Xu, 2019; Lin
et al., 2016; Motohashi, 2006; Pu et al., 2014; Shen et al,, 2019;
Shen et al., 2018; Teranishi et al., 2013; Zhang, 2012; Zhu et al,,
2019; Zuo, 2017) and 12 weeks (3 months) in 10 studies (Du et al.,
2015; Gu et al., 2018; Han, 2018; Li et al., 2018; Monji et al., 2009;
Shen, 2013; Terasawa et al., 1997; Yao et al., 2014; Zhou and Wei,
2015; Ohsawa et al., 2017). After completion of treatment, the
follow-up was performed in four studies (Fang et al., 2018; Pan
et al,, 2014; Zhang et al., 2015a; Kawanabe et al., 2010), of which
the duration was 4 weeks in two studies (Fang et al, 2018;
Kawanabe et al,, 2010) and 5 (Pan et al., 2014) and 24 weeks
(Zhang et al, 2015a) in one study each. Eighteen studies
(Furukawa et al.,, 2017; Lin et al., 2016; Mizukami et al., 2009;
Monji et al., 2009; Okahara et al., 2010; Pan et al., 2014; Shi et al,,
2020; Teranishi et al., 2013; Zhang et al., 2015a; Kudoh et al,,
2016; Meguro and Yamaguchi, 2018; Hayashi et al., 2010; Iwasaki
etal,, 2012; Manabe, 2020; Nagata et al., 2012; Ohsawa et al., 2017;
Shinno et al., 2008; Sumiyoshi et al., 2013) were approved by the
institutional review board before the study began, and 37 studies
(Chen, 2020; Du et al., 2015; Furukawa et al., 2017; Gu et al., 2018;
Han, 2018; Hu et al,, 2015; Huang and Xu, 2019; Li, 2020; Lin
et al., 2016; Liu et al,, 2015; Mizukami et al., 2009; Monji et al.,
2009; Okahara et al., 2010; Pan et al., 2014; Pu et al., 2014; Shen,
2013; Shen et al., 2019; Shen et al., 2018; Shi et al., 2020; Teranishi
etal, 2013; Terasawa et al., 1997; Zhang et al., 2015a; Zhang et al.,
2018; Zhou, 2018; Zhou, 2015; Zhu et al., 2019; Zuo, 2017; Kudoh
et al., 2016; Meguro and Yamaguchi, 2018; Hayashi et al., 2010;
Iwasaki et al., 2012; Iwasaki et al., 2005; Manabe, 2020; Nagata
et al,, 2012; Ohsawa et al.,, 2017; Shinno et al., 2008; Sumiyoshi
et al., 2013) received consent forms from participants (Table 1,
Supplementary Material S3). Various types of HMs were used in
the included studies, of which Yokukansan was the most
frequently used in 13 studies (Iwasaki et al, 2005; Shinno
et al.,, 2007; Shinno et al., 2008; Mizukami et al., 2009; Monji
et al., 2009; Hayashi et al., 2010; Kawanabe et al., 2010; Okahara
et al,, 2010; Iwasaki et al., 2012; Nagata et al., 2012; Sumiyoshi
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TABLE 1 | Basic characteristics of the randomized controlled trial.

Study ID Sample Mean
size age (year)
(included

—analyzed)

Sex (M:F) Population (Diagnosis)

Chen et al. 61 (32:29)
(1997) —61(32:29)

(A)64.32+5.42  (A) 32(27:5)
(B)63.21+6.41  (B) 29(21:8)

VD (DSM-IV, ICD-10)
-MMSE<23

(M) 19.0 + 3.4

(B) 186+ 45
-HIS<24

-HAMD

(M) 18.0 + 6.4

B) 175+ 63

Chen et al. 60(30:30)
(2013) —60(30:30)

(A) 73.3 + 5.1
B) 743 7.4

(A) 30(20:10)
(B) 30(23:7)

-AD or VD (CCMD-3, ICD-10)
-MMSE<24

-BEHAVE-AD>8

) 163 +7.3

(B) 15.8 + 6.9

Chen 80(40:40)
(2020) —580(40:40)

(A) 7452 +2.65
(B)73.82 +2.88

(A) 40(22:18)  -AD

B) 40(24:16)  -Insomnia (DSM-5)
-PSQI>7

-AD or VD (DSM-IV)
-BEHAVE-AD=>8

(A) 18.3 £ 3.9

(B) 18.7 + 4.0
-GDS<5
-AD+depression (DSM-1V)
-MoCA

(A) 14.44 + 3.14

(B) 14.82 + 3.25
-HAMD

(A) 22.53 + 3.15

(B) 23.11 £ 3.25

-AD (NINCDS-ADRDA)
-NPI-Q>4, agitation/aggression +
irritability/lability>2

(A) 9.6 + 4.2
B)9.4+4.4

-MMSE 10-26

(A) 19.7 £ 3.9

(B) 19.0 + 4.4

Du et al. 105(51:54)
(2015) —105(51:54)

(A 74.9
(B) 74.7

A) 51(31:20)
B) 54(32:22)

Fang et al. 90(45:45)
(2018) —90(45:45)

(M) 71.5 + 9.1
(B) 70.4 « 8.4

(A) 45(26:19)
(B) 45(25:20)

Furukawa
et al. (2017)

145(75:70)
—129(65:64)

(M) 783 +5.4
(B) 78.5 « 5.1

(A) 75(33:42)
(B) 70(28:42)

Pattern
identification

NA

Sea of marrow
deficiency, dual
deficiency of
spleen-kidney, liver-
kidney deficiency,
phlegm turbidity
obstructing the
orifices, blood stasis
due to qi stagnation

NA

NA

NA

NA

(A) Treatment
intervention

HM

HM

HM + (B)

HM + (B)

HM + (B)

HM

(B) Control
intervention

Hydergine 6 mg/day

Risperidone 0.5 mg/

day (modification up to

3 mg/day, according
to patient’s condition)

Health education,
donepezil 5 mg/day

Memantine 5 mg/day
(1 week: 5 mg/day, 2
weeks: 10 mg/day, 3
weeks: 15 mg/day, 4
weeks: 20 mg/day)
Donepezil 5 mg/day
(10 mg/day after 4
weeks)

Placebo

Treatment Outcome
duration/

Follow-up

2 months/ 1. MMSE

NR 2. HAMD
3. TER (TCM symptom
score)

4. TER (Neurological deficit)

5. TER (ADL)

6. TER (MMSE)

7. Gait and balance
function

8. Cerebral blood flow
9. TER
(Electroencephalography)
1. TER (BEHAVE-AD)

2. BEHAVE-AD

4 weeks/NR

1 month/NR 1. PSQl

3months/NR 1. TER (BEHAVE-AD)
2. BEHAVE-AD
3. ACE-R
4. Barthel index

8 weeks/ . MoCA

4 weeks . HAMD

1
2

3. Serum 5-HT

4. Serum dopamine

4 weeks/NR 1. NPI-Q
2. MMSE

(Continued on following page)
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TABLE 1 | (Continued) Basic characteristics of the randomized controlled trial.

Study ID

Gu et al.
(2018)

Guo et al.
(2011a)

Han (2018)

Hu et al.
(2015)

Huang and
Xu (2019)

Liet al.
(2018)

Li (2020)

Sample Mean
size age (year)

(included
—analyzed)

80(40:40) (A) 66.8 + 7.6
—80(40:40)  (B) 71.7 £ 6.4

60(30:30) (A) 73.8 + 1.02
—60(30:30) (B)73.14+0.96
47 (29:28) (A)61.35+6.28
—47(29:28) (B)62.38+6.15

80(40:40) (A) 68.4 7.2
—80(40:40) (B)69.2 + 6.4

90(45:45) (A) 69.6 + 5.1
—90(45:45) (B) 67.7 + 4.7

100(50:50)  (A) 69.87 +2.65

—100(50:50)  (B) 68.19 + 2.73
82(41:41)  (A)69.35 + 4.08
—82(41:41)  (B)70.67 +3.78

Sex (M:F)

(A) 40(21:19)
(B) 40(18:22)

(A) 30(16:14)
(B) 30(18:12)

(A) 29(18:11)
(B) 28(16:12)

(A) 40(26:14)
(B) 40(25:15)

(A) 45(23:22)
(B) 45(24:21)

(A) 50(24:26)
B) 50(23:27)

(A) 41(23:18)
(B) 41(25:16)

Population (Diagnosis)

-AD (CCMD)
-BPRS>35
() 63+3
(B)61+7

-AD (NINCDS-ADRDA)
-BEHAVE-AD>8
(A) 13.77 + 2.66
(B) 1357 = 2.77

-AD (CCMD-3)
-MMSE 12-24
(A) 185+ 2.7
(B) 185+ 2.8
-ADAS-cog

(A) 116 £2.6
(B) 125+ 2.4
-AD (NINCDS-ADRDA, DSM-IV)
-MMSE 21-26
(A) 15.28 + 2.74
(B) 15.49 + 2.87
-ADAS-cog

(A) 65.71 + 7.95
(B) 64.27 + 7.36

-SD (ICD, DSWM)
-MMSE<17

(A) 133 £ 3.2

(B) 13.8 + 3.1
-HDS<16

(A)12.7 £ 3.2

(B) 12.6 + 3.1
-BEHAVE-AD>8
-ADL>22

-AD (Textbook in psychiatry for Asia)
-Behavior disorder

-AD [2018 Guidelines for the
diagnosis and treatment of dementia
and cognitive impairment in China(2)]
-MMSE 10-25

(A)17.32 + 2.58

(B) 16.89 + 2.58

Pattern
identification

NA

Liver-kidney
deficiency

qi blood deficiency

Kidney essence
deficiency, phlegm
and stasis
obstruction

Liver-kidney
deficiency, dual
deficiency of
spleen-kidney, and
sea of marrow
deficiency

NA

NA

(A) Treatment
intervention

HM + (B)

HM + (B)

HM + (B)

HM + (B)

HM + (B)

HM + (B)

HM + (B)

(B) Control
intervention

Olanzapine

2.5 mg/day
(modification
according to patient’s
condition)

Donepezil 5 mg/day
(modification
according to patient’s
condition)

Rivastigmine
3 mg/day

Donepezil 10 mg/day,
Piracetam 2.4g/day

Olanzapine 2.5 mg/

day (modification up to
20 mg/day, according
to patient’s condition)

Clonapine 25 mg/day
(after 2-3 weeks,
+20-50 mg/3-4 days
up to 200 mg/day)
Donepezil 5 mg/day

Treatment
duration/
Follow-up

3 months/
NR

1 month/NR

3 months/
NR

6 months/
NR

2 months/
NR

12 weeks/
NR

1 month/NR

Outcome

. TER (BPRS symptom)
. BPRS

. BEHAVE-AD
. TER (BEHAVE-AD)
. MMSE

MMSE

. ADAS-cog
. Bathel index

NPI
SDSD

. TER (TCM symptom

score)

1. TER (clinical symptom)
2. MMSE

3. ADAS-cog

4. ADL

5. NPI-Q

6. Serum SOD

7. Serum MDA

8. Serum TNF-a

9. Serum IL-1

10. Serum IL-6

1. BEHAVE-AD

2. HDS

3.
4
5
6
7
8
9
1
2
3
4
1

MMSE

. ADL

. Serum SOD

. Serum MDA

. Serum IL-6

. Serum IL-1

. TER (BEHAVE-AD)
. Serum SOD

. Serum MDA

. BEHAVE-AD

. TER (BEHAVE-AD)
. TER (Positive and

Negative Syndrome Scale,
MMSE)

2.
3.
4.
5.

MMSE

BEHAVE-AD
Plasma Hcy
Plasma CRP

(Continued on following page)
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TABLE 1 | (Continued) Basic characteristics of the randomized controlled trial.

Study ID Sample
size
(included
—analyzed)
Lin et al. 92(46:46)
(2016) —84(41:43)
Liu et al. 86(43:43)
(2015) —86(43:43)
Mizukami 103(53:50)
et al. (2009) —103(53:50)
Moniji et al. 15(10:5)
(2009) —14(10:4)

Mean
age (year)

(A 71.8+6.4
(B) 705 + 6.7

Tz
~N N
2
[

© &

(A) outpatient
80.6 + 3.9;
inpatient
789+ 6.9
(B) outpatient
76.9 + 6.1;
inpatient
78.0 + 6.7

(A) 80.8 + 4.7
(B)79.0 + 2.0

Sex (M:F)

(A) 46(24:22)
(B) 46(26:20)

(A) 43(18:25)
(B) 43(20:23)

() 102:8)
(B) 5(0:5)

Population (Diagnosis)

-AD (CCMD-3)

-MMSE<24

(A) 15.18 + 3.05

(B) 15.04 + 3.27

-BEHAVE-AD>8

-AD (Guidelines for the diagnosis and
treatment of dementia and cognitive
impairment in China)

-MMSE 10-24

(A) 179 £ 3.0

(B) 16.9 + 3.0

-CDR

(A) 2.00 + 0.30

(B) 1.90 + 0.20

-AD (NINCDS-ADRDA, DSM-IV) or
DLB (Consensus guidelines for the
clinical and pathologic diagnosis

of DLB)

-MMSE

(A) outpatient 17.4 + 6.3; inpatient
9.8 +6.9

(B) outpatient 14.9 + 5.6; inpatient
9.4 +6.7

-NPI>6 for at least one of ten items
(A) outpatient 25.5 + 12.0; inpatient
221 +£13.2

(B) outpatient 28.6 + 13.3; inpatient
26.4 +16.3

-AD (NINCDS-ADRDA, DSM-IV)
-MMSE 6-23

(A) 15.1 £ 4.0

(B) 16.4 + 3.5

-NPI>6 on at least 1 of the delusions,
hallucinations, agitation/aggression,
disinhibition, irritability/lability or
aberrant motor activity subscales
after the treatment with Sulpiride
50 mg/day for 2 weeks

(A) 26.7 £ 15.7

B)22.4 +12.8

Pattern
identification

non-interaction
between the heart
and kidney and
phlegm turbidity

NA

NA

NA

(A) Treatment
intervention

HM + (B)

HM + (B)

HM

HM + (B)

(B) Control
intervention

Aripiprazole
2.5 mg/day

Donepezil 5 mg/day
(modification up to
10 mg/day)

No treatment

Sulpiride 50 mg/day
(modification
according to patient’s
condition)

Treatment
duration/
Follow-up

8 weeks/NR

6 months/
NR

4 weeks/NR

12 weeks/
NR

Outcome

1. MMSE
. BEHAVE-AD
3. TER (BPRS)

N

. BEHAVE-AD

CDR

NPI

4. Plasma 8-

isoprostane F2a

5. Urine 8-isoprostane F2a

@ N

NPI

MMSE

. Barthel index
. IADL

NSRS

NPI

. dose of sulpiride
. MMSE

. Barthel index

FNESI SN

(Continued on following page)
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TABLE 1 | (Continued) Basic characteristics of the randomized controlled trial.

Study ID

Motohashi
(2006)

Okahara
et al. (2010)

Pan et al.
(2014)

Pu et al.
(2014)

Shen (2013)

Shen et al.
(2018)

Sample
size
(included
—analyzed)

52(28:24)
—49(26:23)

63(30:33)
61(29:32)

98(49:49)
—91(45:46)

70(35:35)
—70(35:35)

110(55:55)
—110(55:55)

90(45:45)

Mean
age (year)

(A 80.00 =
10.66
(B) 85.04 + 9.64

(A) 76.1 + 8.1
B)77.1+68

(&) 57.2 +9.7
(B)56.9 + 10.2

(A) 68.79 + 7.99
(B)71.34 +8.25

(A 753
(B) 74.6

(A) 64.36 + 5.71

Sex (M:F)

A) 28(9:19)
B) 24(7:17)

(A) 29(10:19)
(B) 32(15:17)

(A) 45(28:17)
B) 46(27:19)

(A) 35(20:15)
(B) 35(22:13)

(A) 55(32:23)
(B) 55(34:21)

(A) 45(25:20)

Pattern
identification

Population (Diagnosis) (A) Treatment

intervention

VD (DSM-IV) NA
-HDS-R<20

HM + (B)

-AD (NINCDS-ADRDA, DSM-IV, NA
ICD-10)

-MMSE

(A) 183 £ 5.2

B)17.9+55

-NPI (at least one symptom score of

four or more in the NPI subscales)

(M) 22.3 +10.4

(B) 21.9 + 13.9

-SDS

(A) 409 + 7.7

(B) 43.7 + 8.2

-HIS<6

-AD (DSM-IV-TR) NA HM
-MMSE 10-24
(A) 134 +£1.8
B)141+15
-VD (CCMD-3)
-MMSE<26

(A) 11.36 + 4.65
(B) 11.84 + 4.52
-BEHAVE-AD>8
(A) 17.80 + 6.33
(B) 17.49 + 6.58
-HIS>7

-AD or VD (CCMD-3) NA HM
-MMSE

(A) 15.4 + 3.6

(B) 15.7 + 4.1

-BEHAVE-AD>8

(A) 18.4 + 4.0

(B) 18.4 + 3.69

-GDS<5

-VD (2002 Ciriteria for Vascular NA
Dementia of Neurology Branch of
Chinese Medical Association)

HM + (B)

internal obstruction ~ HM
of static blood

HM + (B)

(B) Control
intervention

Routine care (treating
primary disease and
symptomatic
treatment)

Donepezil
(fixed dose during the
study)

Placebo

Oxcarbazepine
300-600 mg/day

Olanzapine 2.5 mg/
day (modification up to
5-20 mg/day,
according to patient’s
condition)

Donepezil 5 mg/day

Treatment
duration/
Follow-up

8 weeks/NR

4 weeks/NR

20 weeks/
5 weeks

8 weeks/NR

3 months/
NR

8 weeks/NR

1

N

POP LN 2 OCONDO RGN

Outcome

. HDS-R

DAD

. BEHAVE-AD
GBS

. TCM symptom score
. Serum lipoprotein(a)

. Serum adrenalin

. Serum noradrenalin
0. Serum dopamine
NPI

MMSE

DAD

Zarit burden interview
SDS

Serum potassium

MMSE
BEHAVE-AD

NPI

Actigraphy

TER (BEHAVE-AD)
BEHAVE-AD
MMSE

ADL

. TER (BEHAVE-AD)
BEHAVE-AD
MMSE

. TER (HAMD)

(Continued on following page)
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TABLE 1 | (Continued) Basic characteristics of the randomized controlled trial.

Study ID Sample
size
(included
—analyzed)
—90(45:45)
Shen et al. 100(50:50)
(2019) —100(50:50)
Shi et al. 543(242:
(2020) 241:60)
—520(232:
233:55)
Teranishi 82(27:27:28)
etal (2013) —76(26:
25:25)

Mean
age (year)

(B)65.13 + 6.14

() 69.2 + 11.5
(B)67.6 + 10.6

(A) 64.72 £ 9.18
B1)

64.31 + 9.99
B2)

63.95 + 9.15

(A) 83.50 + 5.83
B1)

80.72 + 8.78
B2)

83.20 + 5.39

Sex (M:F)

(B) 45(26:19)

(A) 50(33:17)
(B) 50(35:15)

A
232(154:78)
(B1)
233(149:84)
(B2) 55(35:20)

A) 26(7:19)
(B1) 25(9:16)
(B2) 25(9:16)

Population (Diagnosis)

-Depression (CCMD-3)
-MMSE

(A) 10.56 + 2.19

(B) 10.78 £ 2.24
-HAMD

(A) 24.18 + 2.67

(B) 24.35 + 3.08

-VD (Criteria for Vascular Dementia of

Neurology Branch of Chinese
Medical Association)
-Depression (CCMD-3)
-MMSE

(A) 17.69 + 7.91

(B) 17.39 + 6.28

-CSDD

(A) 22.31 + 4.22

(B) 21.86 + 5.65

-CDR (mild to moderate
dementia)

-VD (NINDS-AIREN)
-MMSE 14-26

(A) 20.56 + 3.36

(B1) 20.56 + 3.24

(B2) 20.51 + 2.97

-NPI

(A) 5.31 £ 5.52

(B1) 5.35 + 4.91

(B2) 5.40 + 5.51

-HIS>7

-AD or VD or DLB (DSM-IV,
NINCDS-ADRDA)
-MMSE<19

(A) 4.42 + 4.58

(B1) 5.16 + 5.73

(B2) 4.48 + 5.25

-NPI-NH (at least 1 symptom score
of greater than 4 in NPI-NH)
(A) 22.73 + 14.30

(B1) 26.20 + 15.77

(B2) 23.24 + 15.53

Pattern
identification

(A) Treatment
intervention

NA HM + (B)

NA HM + Donepezil
placebo

NA HM
(Zopiclone
(7.5-10 mg/day)
and brotizolam
(0.25 mg/day), if
needed for
insomnia)

(B) Control Treatment
intervention duration/
Follow-up
Oxiracetam 10 mg/ 8 weeks/NR
day (modification up to
20 mg/day, according
to patient’s response.)
(B1) HM placebo + 24 weeks/

Donepezil (B2) HM NR
placebo + Donepezil
placebo

(B1) Risperidone 8 weeks/NR
0.5-2.0 mg/day
(modification
according to patient’s
condition)

(B2) Fluvoxamine
25-200 mg/day
(modification
according to patient’s
condition)

(Zopiclone

(7.5-10 mg/day) and
brotizolam (0.25 mg/
day), if needed for
insomnia)

Outcome

MMSE

ADL

HAMD

Serum dopamine
Serum BDNF
Serum Hcy

S e

1. TER (HAMD)

2. CSDD

3. CDR

4. MMSE

5. ADL

6. Serum BDNF

7. Serum S100B

8. Serum norepinephrine
9. Serum dopamine
10. Serum 5-HT
11. Serum Hey

1. changes of VADAS-cog
2.improvement rate of CBC-plus
3. changes of NPI

. changes of MMSE

. changes of TMT-A

. changes of TMT-B

. changes of ADL

. changes of CDT

[o NI RGN

NPI-NH
MMSE
FIM

. DIEPSS

AN

(Continued on following page)
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TABLE 1 | (Continued) Basic characteristics of the randomized controlled trial.

Study ID

Terasawa
et al. (1997)

Yao et al.
(2014)

Zhang
(2012)

Zhang et al.
(2015b)

Zhang et al.
(2018)

Zhou
(2015a)

Sample Mean
size age (year)

(included
—analyzed)

139(69:70) (A) 75.7 £ 8.9
—119(55:64) (B)77.6+7.9

80(40:40) (A 71.3+6.9
—80(40:40)  (B) 70.1 + 8.1

80(40:40)  (A) 74.55 + 6.30
—80(40:40)  (B) 74.43 +6.45

144(72:72) (A 72.79 + 6.76

—144(72:72)  (B) 72.97 + 6.59
94(47:47 (A) 672169

—04(47:47)  (B)68.1 + 6.9
40(20:20)  (A) 73.89 + 4.31

—36(18:18)  (B) 73.61 +3.73

Sex (M:F)

(A) 69(28:41)

(B) 70(22:48)

(A) 40(23:17)
(B) 40(21:19)

NR

(A) 72(26:46)

(B) 72(29:43)

(A) 47(23:24)
(B) 47(22:25)

&Y

Population (Diagnosis)

-VD (DSM-II-R)
-Carlo Loeb modified ischemic
score>5

-VD (Textbook in neurology)
-CDR

(A) 1.5 £05
B)1.5+05

-HAMD

(A) 1.3 +£0.6
B)1.4+06

-AD or VD (CCMD-3)
-MMSE<24
-BEHAVE-AD>8

(A) 162 +£7.8
(B)16.1 +7.6

-AD (DSM-IV)
-MMSE

(A) 20.49 + 4.29

(B) 19.82 + 3.54
-NPI

(A) 1.50 + 2.96

(B) 1.35 + 2.04
-HIS<4

-HAMD<7

-CDR 1

-AD (NINCDS-ADRDA)
-CSDD>8
-HAMA>14
-HAMD>17

-AD (NINCDS-ADRDA)

-Depression (NIMH-dAD, DSM-IV-TR)

-CSDD>8

(A) 15.44 + 2.52
(B) 15.11 £ 2.93
-HIS<4

-MMSE 10~24
-CDR 1 or 2

Pattern (A) Treatment
identification intervention
NA HM
internal obstruction  HM + (B)
of static blood
NA HM
NA HM + Donepezil
placebo
Liver depression HM + (B)
and spleen
deficiency

Liver depression
and spleen
deficiency

HM + Huperzine
A 200ug/day

(B) Control
intervention

Placebo

Clopidogrel
75 mg/day

Haloperidol 1 mg/day
(modification up to
4-10 mg/day within 2
weeks)

HM placebo +
Donepezil

Buspirone 15 mg/day
(modification up to
30 mg/day), Sertraline
100 mg/day

Escitalopram 5 mg/
day (modification up to
10 mg/day) +
Huperzine A
200ug/day

Treatment Outcome
duration/
Follow-up
12 weeks/ 1. TER (overall symptom)
NR 2. TER (subjective
symptom)
3. TER (neurological
symptom)
4. TER (psychiatric
symptom)
5. TER (ADL)
6. TER (utility rating)
7. HDS-R
3 months/ 1. ADL
NR 2. CDR
3. HAMD
4. TER (ADL, CDR, HAMD)

8 weeks/NR 1. TER (BEHAVE-AD)

24 weeks/
24 weeks

6 weeks/NR

6 weeks/NR

N

. BEHAVE-AD

ADAS-cog
MMSE
ADL

NPI

>N

1. CSDD

2. HAMA

3. HAMD

4. GQOLI-74

5. TESS

1. CSDD

2. TER (CSDD)

3. SF-36

4. TCM symptom score
5. TER (TCM symptom
score)

(Continued on following page)
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TABLE 1 | (Continued) Basic characteristics of the randomized controlled trial.

Study ID Sample
size
(included
—analyzed)
Zhou 80(40:40)
(2015b) —80(40:40)

Zhou (2018)  80(40:40)

—80(40:40)
Zhou et al. 60(30:30)
(2019) —60(30:30)

Zuo (2017)  56(30:26)
—56(30:26)

Mean
age (year)

(A) 54.5 + 6.1
(B) 555 « 6.7

72.35 + 3.24

(A) 62.20 + 5.56
(B)63.32 +5.18

() 66.5 + 12.3
(B) 67.6 + 10.8

Sex (M:F)

(A) 40(21:19)
(B) 40(19:21)

80(44:36)

(A) 30(17:13)
(B) 30(14:16)

(A) 30(25:5)
(B) 26(20:6)

Population (Diagnosis) Pattern
identification

-AD (DSM-1V) NA

-MMSE

(A) 16.07 + 2.44

(B) 16.77 + 3.16

-Depression (CCMD-3)

-AD (CCMD) NA

-MMSE

(A) 22.93 + 2.41

(B) 22.86 + 2.27

-VD (NINDS-AIREN) qi deficiency,
-MMSE<23 phlegm, and stasis
(A) 16.83 + 2.10

(B) 17.23 + 2.43

-NPI

(A) 44.00 + 13.83

(B) 46.47 + 13.61

-HIS>7

-CDR (mild to moderate dementia)

-AD (IWG-2 criteria) NA
-Depression (HAMD=>17)

(A) Treatment
intervention

HM + Donepezil
5 mg/day

HM

HM + (B)

HM

(B) Control
intervention

Escitalopram 10 mg/
day + Donepezil
5 mg/day

Donepezil 10 mg/day,
Magnesium valproate
sustained-release
500 mg/day
Donepezil 5 mg/day

Sertraline 50 mg/day
(modification up to
100 mg/day)

Treatment
duration/
Follow-up

3 months/
NR

1 month/NR

8 weeks/NR

60 days/NR

Outcome

1. HAMD
2. MMSE

—

. TER (MMSE)
MMSE
.Psal

SN

. TER (TCM symptom score)
MMSE

ADL

NPI

. TCM symptom score
Plasma hs-CRP

. Plasma TNF-a

. Plasma IL-6

. Plasma Hcy

10. Plasma MDA

11. Plasma SOD

1. TER (HAMD)

2. HAMD

CEND O A ®N

ACE-R, Addenbrooke cognitive examination revised; AD, Alzheimer’s disease; ADAS-cog, Alzheimer’s disease assessment scale—cognitive subscale; ADL, activities of daily living; BDNF, brain-derived neurotrophic factor; BEHAVE-AD,
behavioral pathology in Alzheimer’s disease rating scale; BPRS, brief psychiatric rating scale; CCMD, Chinese classification of mental disorders, CDR, clinical dementia rating; CDT, clock drawing test; CIBIC-plus, clinician’s interview-based
impression of change-plus caregiver information; CRP, C-reactive protein; CSDD, Cornell scale for depression in dementia; DAD, disability assessment of dementia; DIEPSS, drug-induced extra-pyramidal symptoms scale; DLB, dementia
with Lewy bodies; DSM, diagnostic and statistical manual of mental disorders; FIM, functional independence measure; GBS, Gottfries-Brane-Steen; GDS, global deterioration scale; GQOLI-74, generic quality of life inventory-74; HAMA,
Hamilton anxiety rating scale; HAMD, Hamilton depression rating scale; Hcy, homocysteine; HDS, Hasegawa’s dementia scale; HDS-R, the revised Hasegawa’s dementia scale; HIS, Hachinski ischemia score; HM, herbal medicine; IADL,
instrumental activities of daily living; ICD, the international statistical classification of diseases and related health problems; IL, interleukin; IWG, international working group, MDA, malondialdehyde; MMSE, mini-mental state examination;
MoCA, Montreal cognitive assessment; NA, not applicable; NIMH-dAD, National Institute of Mental Health criteria for depression in Alzheimer’s disease; NINCDS-ADRDA, national institute of neurological and communicative diseases and
stroke/Alzheimer’s disease and related disorders association; NINDS-AIREN, national Institute of neurological disorders and stroke and association internationale pour la Recherché et I'Enseignement en neurosciences; NPI, neuropsychiatric
inventory; NPI-NH, neuropsychiatric inventory-nursing home; NPI-Q, neuropsychiatric inventory-questionnaire; NR, not recorded; PSQY, Pittsburgh sleep quality index; SD, senile dementia; SDS, self-rating depression scale; SDSD, dementia
syndrome type scale; SF-36, 36-item short form survey; SOD, superoxide dismutase; TCM, traditional Chinese medicine; TER, total effective rate; TESS, treatment emergent symptom scale; TMT, trail making test; TNF, tumor necrosis factor;
VADAS-cog, vascular dementia assessment scale-cognitive subscale; VD, vascular dementia
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et al., 2013; Teranishi et al., 2013; Furukawa et al., 2017), followed
by Xiaoyaosan (four studies) (Zhou, 2015; Zhou and Wei, 2015;
Shen et al., 2018; Shen et al., 2019) and Liuweidihuang pill (three
studies (Shen, 2013; Du et al., 2015; Gu et al., 2018). In terms of
dosage form, powder was most often used in 18 studies
(Terasawa et al., 1997; Iwasaki et al., 2005; Shinno et al.,
2007; Mizukami et al., 2009; Monji et al, 2009; Hayashi
et al, 2010; Kawanabe et al., 2010; Okahara et al., 2010;
Iwasaki et al., 2012; Nagata et al., 2012; Sumiyoshi et al.,
2013; Teranishi et al., 2013; Zhou and Wei, 2015; Kudoh
et al., 2016; Furukawa et al., 2017; Ohsawa et al., 2017;
Meguro and Yamaguchi, 2018; Manabe, 2020), followed by
decoction (16 studies) (Guo et al., 2011a; Guo et al., 2011b;
Yang et al., 2012; Zhang, 2012; Pu et al., 2014; Yao et al., 2014;
Zhang et al., 2015a; Hu et al., 2015; Zhou, 2015; Zuo, 2017; Han,
2018; Li et al., 2018; Zhou, 2018; Huang and Xu, 2019; Zhu et al.,
2019; Li, 2020), granules (seven studies) (Motohashi, 2006; Xu
et al., 2007; Chen et al., 2013; Liu et al., 2015; Xu, 2018; Chen,
20205 Shi et al., 2020), pill (five studies) (Shen, 2013; Du et al,,
2015; Gu et al., 2018; Shen et al., 2018; Shen et al., 2019), and
capsules (four studies) (Chen et al., 1997; Lin et al., 2016; Fang
et al., 2018; Zhang et al., 2018) (Supplementary Material S4).

RoB in Studies

For RCTs, a total of 19 (Du et al., 2015; Furukawa et al., 2017;
Guo et al., 2011a; Han, 2018; Hu et al., 2015; Li, 2020; Li et al.,
2018; Lin et al., 2016; Mizukami et al., 2009; Monji et al., 2009;
Pan et al,, 2014; Pu et al., 2014; Shen, 2013; Shen et al., 2018; Shi
et al., 2020; Teranishi et al., 2013; Zhang et al.,, 2015a; Zhang
etal., 2018; Zhou, 2015) and two studies (Shi et al., 2020; Zhang
et al, 2015a) were evaluated as having a low RoB in the
corresponding domain, mentioning the appropriate random
sequence generation method and allocation concealment,
respectively. Each of four (Pan et al., 2014; Shi et al., 2020;
Teranishi et al., 2013; Zhang et al., 2015a) and five studies (Fang
et al., 2018; Furukawa et al., 2017; Shi et al., 2020; Teranishi
et al.,, 2013; Zhang et al., 2015a) were evaluated with low risk of
performance or detection bias by appropriately performing
blinding of participants, personnel, or outcome assessors. In
one study (Terasawa et al., 1997), the number of dropouts in
each group was not described in detail, and the lack of outcomes
related to BPSD was evaluated as a high risk of attrition and
reporting bias. Two studies (Chen et al., 1997; Motohashi, 2006)
were evaluated as having an unclear risk of other bias because
there was no information on the homogeneity of baseline
clinical characteristics between the two groups (Figure 2). In
one CCT (Xu, 2018), the treatment or control group or outcome
measures were not properly specified. In 12 before-after studies
(Iwasaki et al., 2005; Xu et al., 2007; Shinno et al., 2008; Hayashi
et al., 2010; Kawanabe et al., 2010; Guo et al., 2011b; Iwasaki
et al., 2012; Nagata et al., 2012; Yang et al., 2012; Sumiyoshi
etal., 2013; Ohsawa et al., 2017; Manabe, 2020), study questions,
eligibility criteria for the study population, interventions, and
outcome measures were clearly stated in most studies. However,
blinding of outcome assessors was not reported in all studies,
and only two studies (Iwasaki et al., 2005; Manabe, 2020)
provided individual-level data (Supplementary Material S5).

Herbal Medicine for BPSD

Effectiveness (or Efficacy) and Safety of HM
in Included RCTs

HM as a Monotherapy

Compared to psychotropic drugs, the severity of BPSD symptoms
evaluated by BEHAVE-AD was not significantly different
between the two groups (MD = -0.36; 95% CI: —1.09 to 0.36),
regardless of the treatment duration. However, as a result of
subgroup analysis according to the severity and type of dementia,
in the case of severe dementia and vascular dementia, BEHAVE-
AD was significantly reduced in the HM group (MD = -2.34, 95%
CL: —4.15 to -0.53). The Hamilton depression rating scale
(HAMD) was significantly improved in the HM group (MD =
-2.86; 95% CI: —3.85 to —1.87), but there was no significant
difference between the two groups in TER calculated based on
BPSD symptoms (RR = 1.05, 95% CI: 0.95-1.16). To evaluate the
severity of BPSD, NPI (Zhang et al., 2015a), NPI-nursing home
(Teranishi et al., 2013), and the Cornell scale for depression in
dementia (CSDD) (Zhou, 2015) were evaluated in one each, and
there was no significant difference between the two groups in all
studies. In addition, AE occurred significantly less in the HM
group (RR = 0.40, 95% CI: 0.25-0.64), regardless of the treatment
duration (Table 2). However, when the sensitivity analysis was
performed on studies with low risk of performance and detection
bias, there was no significant difference in the meta-analysis of AE
between the two groups (RR = 0.83; 95% CI: 0.27-2.61). Overall,
severe AEs related to HM were rarely reported, but hypokalemia
in HMs containing licorice, such as Yokukansan, required
attention (Supplementary Material S6).

When comparing HM and placebo, in one study (Furukawa
et al., 2017), there was no significant difference between the two
groups in the NPI-questionnaire. However, in another study (Pan
et al., 2014) that measured the severity of BPSD symptoms, the HM
group showed significant improvement in hallucinations, activity
disturbances, aggressiveness, and anxieties and phobias of
BEHAVE-AD, and in delusions, hallucinations, agitation,
aberrant motor behavior, and sleep disturbance of NPI (p <
0.05), although there were no significant differences between the
two groups in other domains. In a study comparing the group
administered HM and donepezil placebo with the group
administered with HM placebo and donepezil placebo (Shi
et al, 2020), it was reported that the change in the NPI total
score after treatment was significantly greater in the group
administered with HM and donepezil placebo (p < 0.05).
Finally, a study that evaluated TER based on psychiatric
symptoms reported that TER of the HM group was significantly
higher than that of the placebo group (Terasawa et al., 1997). There
was no significant difference in the incidence of AE between the
two groups (RR = 2.67; 95% CI: 0.93-7.65) (Table 2). Even when
the sensitivity analysis was performed only with studies with a low
risk of performance and detection bias, this result was not affected.

When comparing HM and anti-dementia drugs, one study
(Zhou, 2018) showed that the Pittsburgh Sleep Quality Index
(PSQI) was significantly reduced in the HM group (p < 0.05). In
one study comparing HM and no treatment (Mizukami et al.,
2009), the severity of BPSD symptoms measured by NPI after
4 weeks of treatment was significantly improved in the HM group
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FIGURE 2 | Risk of bias for all included studies. Low, unclear, and
high risk, respectively, are represented with the following symbols: “+”,
“ and *-”.

Herbal Medicine for BPSD

(p < 0.05), but the Barthel index or IADL was not significantly
different between the two groups. In one study comparing HM
and hydergine (Chen et al., 1997), there was no significant
difference in the HAMD score after treatment.

HM as an Adjunctive Therapy
When HM was additionally used for psychotropic drugs, the
BEHAVE-AD (MD = -348, 95% CI: —=3.96 to —2.99) and TER
calculated based on BPSD symptoms (RR = 1.16, 95% CI: 1.05-1.29)
significantly improved, compared with psychotropic drugs alone. In
addition, the incidence of AE was also significantly lower in the HM
group (RR = 0.71; 95% CI: 0.50-0.99; Table 2). When HM was
additionally used, one study Gu et al. (2018) reported that the BPRS
score improved significantly (p < 0.05), and another study Zhang
etal. (2018) reported that QoL and the severity of BPSD evaluated by
CSDD, Hamilton Anxiety Rating Scale, and HAMD significantly
improved, and the frequency of side effects evaluated by treatment
emergent symptom scale was significantly reduced (p < 0.05, all).
When HM was additionally used as an anti-dementia drug, the
severity of BPSD symptoms measured by BEHAVE-AD (MD =
-2.81,95% CI: —3.17 to —2.45), NPI (MD = -3.23, 95% CI: —4.06
to —2.40), and HAMD (MD = -4.92, 95% CI: —5.48 to —4.37)
significantly improved, compared with anti-dementia drugs
alone. The TER calculated based on BPSD symptoms (RR =
1.29, 95% CI: 1.13-1.47) and Barthel index (MD = 3.42, 95% CI:
2.67-4.16) also significantly improved in the HM group. The
severity of BPSD symptoms was evaluated using PSQI(30) (p <
0.05) and NPI-questionnaire (Hu et al., 2015) (p < 0.01) in each
study, and both showed significantly improved results in the HM
group. In one study (Okahara et al., 2010), the degree of
depression and burden of caregivers after treatment were
reported through a self-rating depression scale and a Zarit
burden interview, respectively, but there was no significant
difference between the two groups. The frequency of AE was
also significantly lower in the HM group (RR = 0.50, 95% CI:
0.28-0.88), although there was no consistent result according to
the subgroups (Table 2,Supplementary Material S6).
Furthermore, when HM was additionally used, there was no
significant difference in the CSDD score compared with the
oxiracetam alone (Shen et al, 2019). However, HAMD
significantly improved (p < 0.05) when HM was additionally
used to clopidogrel in one study (Yao et al., 2014).

Publication Bias
Since there was no meta-analysis that included more than ten
studies, we could not assess the publication bias using a funnel plot.

Results From Other Included Studies

In addition to the included RCTs, all other studies (Iwasaki et al.,
2005; Shinno et al., 2007; Xu et al., 2007; Shinno et al., 2008;
Hayashi et al., 2010; Kawanabe et al., 2010; Guo et al., 2011b;
Iwasaki et al, 2012; Nagata et al, 2012; Yang et al., 2012;
Sumiyoshi et al., 2013; Kudoh et al., 2016; Ohsawa et al., 2017;
Meguro and Yamaguchi, 2018; Xu, 2018; Manabe, 2020) have
reported that HM improved BPSD in at least one indicator.
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TABLE 2 | Effect estimates of meta-analysis.

Outcomes Subgroup No. RCTs No. participants Effect estimate P value Model
MD/RR (%)
(95%Cl)

Herbal medicine vs. psychotropic drugs

BEHAVE-AD Total 4 320 MD -0.36 [-1.09, 0.36] 45 Fixed
Dementia severity/type Moderate/2 or more dementia 3 250 MD 0.01 [-0.78, 0.80] 0 Fixed
Severe/VD 1 70 MD -2.34 [-4.15, -0.53] NA Fixed
Treatment duration <1 month 1 60 MD 0.20 [-3.17, 3.57] NA Fixed
1 <month <2 2 150 MD -0.63 [-1.57, 0.31] 79 Fixed
2 <month <6 1 110 MD 0.00 [-1.20, 1.20] NA Fixed
HAMD Total (AD) 2 136 MD -2.86 [-3.85, -1.87] 87 Fixed
Dementia severity/treatment duration Unclear/1 < month < 2 1 56 MD -4.28 [-5.70, -2.86] NA Fixed
Moderate/2 < month < 6 1 80 MD -1.50 [-2.89, -0.11] NA Fixed
TER (BPSD symptom) Total 5 332 RR 1.05 [0.95, 1.16] 45 Fixed
Dementia severity/type Moderate/2 or more dementia 2 170 RR 0.95 [0.85, 1.06] 0 Fixed
Severe/VD 1 70 RR 1.15 [0.93, 1.43] NA Fixed
Unclear/AD 2 92 RR 1.22 [0.92, 1.61] 66 Fixed
Treatment duration <1 month 1 60 RR 0.96 [0.83, 1.12] NA Fixed
1 <month < 2 3 162 RR 1.18 [0.99, 1.41] 31 Fixed
2 < month<6 1 110 RR 0.94 [0.81, 1.09] NA Fixed
Adverse event Total 4 360 RR 0.40 [0.25, 0.64] 0 Fixed
Dementia severity Mild 1 144 RR 0.83 [0.27, 2.61] NA Fixed
Moderate 1 110 RR 0.35 [0.15, 0.83] NA Fixed
Severe 1 70 RR 0.35 [0.18, 0.67] NA Fixed
Unclear 1 36 RR 0.20 [0.01, 3.89] NA Fixed
Dementia type AD 2 180 RR 0.65 [0.23, 1.82] 0 Fixed
VD 1 70 RR 0.35 [0.18, 0.67] NA Fixed
2 or more 1 110 RR 0.35 [0.15, 0.83] NA Fixed
Treatment duration 1 <month <2 2 106 RR 0.33 [0.18, 0.63] 0 Fixed
2 <month < 6 2 254 RR 0.48 [0.25, 0.93] 28 Fixed
Herbal medicine vs. placebo
Adverse event Total 4 662 RR 2.67 [0.93, 7.65] 0 Fixed
Dementia severity Mild 1 287 RR 0.95 [0.11, 8.32] NA Fixed
Moderate 2 236 RR 5.60 [0.69, 45.36] NA Fixed
Unclear 1 139 RR 2.54 [0.51, 12.63] NA Fixed
Dementia type AD 2 236 RR 5.60 [0.69, 45.36] NA Fixed
VD 2 426 RR 1.82 [0.52, 6.42] 0 Fixed
Treatment duration <1 month 1 145 RR 5.60 [0.69, 45.36] NA Fixed
2 <month < 6 3 517 RR 1.82 [0.52, 6.42] 0 Fixed
Herbal medicine + psychotropic drugs vs. psychotropic drugs
BEHAVE-AD Total 3 274 MD -3.48 [-3.96, -2.99] 87 Fixed
Dementia severity/treatment duration Moderate/1 < month < 2 2 174 MD -3.48 [-4.07, -2.89] 93 Fixed
Unclear/2 < month < 6 1 100 MD -3.47 [-4.30, -2.64] NA Fixed
Dementia type AD 2 184 MD -2.96 [-3.52, -2.39] 63 Fixed
SD 1 90 MD -4.90 [-5.83, -3.97] NA Fixed
TER (BPSD symptom) Total 4 354 RR 1.16 [1.05, 1.29] 0 Fixed
Dementia severity/treatment duration Moderate/1 < month < 2 2 174 RR 1.19 [1.04, 1.37] 0 Fixed
Unclear/2 < month < 6 2 180 RR 1.13[0.98, 1.31] 0 Fixed
Dementia type AD 3 264 RR 1.16 [1.03, 1.30] 0 Fixed
SD 1 90 RR 1.18 [0.96, 1.46] NA Fixed
Adverse event Total 5 369 RR 0.71 [0.50, 0.99] 49 Fixed
Dementia severity Moderate 3 189 RR 0.79 [0.48, 1.31] 49 Fixed
Unclear 2 180 RR 0.64 [0.40, 1.01] 75 Fixed
Dementia type AD 4 279 RR 0.62 [0.42, 0.92] 52 Fixed
SD 1 90 RR 1.09 [0.54, 2.21] NA Fixed
Treatment duration 1 <month <2 2 174 RR 0.72 [0.43, 1.20] 62 Fixed
2 <month <6 3 195 RR 0.70 [0.45, 1.09] 62 Fixed
Herbal medicine + anti-dementia drugs vs. anti-dementia drugs
BEHAVE-AD Total 4 333 MD -2.81 [-3.17, -2.45] 89 Fixed
Dementia severity Moderate 2 168 MD -3.06 [-3.44, -2.68] 85 Fixed

(Continued on following page)
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TABLE 2 | (Continued) Effect estimates of meta-analysis.

Herbal Medicine for BPSD

Outcomes Subgroup No. RCTs No. participants Effect estimate P value Model
MD/RR (%)
(95%Cl)

Unclear 2 165 MD -0.96 [-2.00, 0.08] 85 Fixed
Dementia type AD 3 228 MD -3.04 [-3.42, -2.67] 70 Fixed
2 or more 1 105 MD 0.10 [-1.22, 1.42] NA Fixed
Treatment duration <1 month 2 142 MD -3.20 [-3.60, -2.81] 0 Fixed
2 <month <6 2 191 MD -0.84 [-1.72, 0.04] 72 Fixed
NPI Total (Moderate) 4 264 MD -3.23 [-4.06, -2.40] 97 Fixed
Dementia type VD 1 60 MD -5.76 [-10.67, -0.85] NA Fixed
AD 3 204 MD -3.15 [-4.00, -2.31] 98 Fixed
Treatment duration <1 month 1 61 MD -5.40 [-12.48, 1.68] NA Fixed
1 < month < 2 1 60 MD -5.76 [-10.67, -0.85] NA Fixed
2 <month < 6 2 143 MD -3.12 [-3.97, -2.27] 99 Fixed
HAMD Total (1 < month < 2) 2 180 MD -4.92 [-5.48, -4.37] 83 Fixed
Dementia severity/type Severe/VD 1 90 MD -5.30 [-5.94, -4.66] NA Fixed
Unclear/AD 1 90 MD -3.70 [-4.85, -2.55] NA Fixed
TER (BPSD symptom) Total 3 255 RR 1.29 [1.13, 1.47] 65 Fixed
Dementia severity Severe 1 90 RR 1.28 [1.04, 1.58] NA Fixed
Unclear 2 165 RR 1.29 [1.09, 1.54] 83 Fixed
Dementia type/treatment duration AD/<1 month 1 60 RR 1.80 [1.23, 2.62] NA Fixed
VD/1 < month < 2 1 90 RR 1.28 [1.04, 1.58] NA Fixed
2 or more/2 < month < 6 1 105 RR 1.11 [0.93, 1.33] NA Fixed
Barthel index Total (2 < month < 6) 2 162 MD 3.42 [2.67, 4.16] 99 Fixed
Dementia severity/type Moderate/AD 1 57 MD 1.20 [0.34, 2.06] NA Fixed
Unclear/2 or more 1 105 MD 10.44 [8.91, 11.97] NA Fixed
Adverse event Total 5 376 RR 0.50 [0.28, 0.88] 15 Fixed
Dementia severity Moderate 2 121 RR 2.00 [0.19, 20.90] NA Fixed
Severe 1 90 RR 0.31 [0.11, 0.87] NA Fixed
Unclear 2 165 RR 0.56 [0.27, 1.16] 26 Fixed
Dementia type/treatment duration AD/<1 month 2 121 RR 2.00 [0.19, 20.90] NA Fixed
VD/1 < month < 2 2 150 RR 0.43 [0.17, 1.05] 51 Fixed
2 or more/2 < month < 6 1 105 RR 0.46 [0.21, 1.03] NA Fixed

AD, Alzheimer’s disease; BEHAVE-AD, behavioral pathology in Alzheimer’s disease rating scale; BPSD, behavioral and psychological symptoms of dementia; Cl, confidence interval;
HAMD, Hamilton depression rating scale; MID, mean difference; NA, not applicable; NPI, neuropsychiatric inventory; RCT, randomized controlled trial; RR, risk ratio; SD, senile dementia;

TER, total effective rate; VD, vascular dementia.

However, considering the design of the study, these studies were
not included as evidence for analyzing the effectiveness or efficacy
of HM for BPSD but reviewed in terms of the current status of
research in this field. More information can be found in
Supplementary Material S3, S6.

DISCUSSION

Summary of Evidence

In this systematic review, the most comprehensive review and
meta-analysis to date was conducted to analyze the
effectiveness (or efficacy), safety, and research status of HM
for BPSD. According to the meta-analysis, HM did not show
statistically significant differences from psychotropic drugs in
the effectiveness of BPSD evaluated as BEHAVE-AD or TER
or in the subgroup analysis of dementia severity, dementia
type, or treatment duration. However, a few studies reported
that HM showed statistically significant improvement in
patients with Alzheimer’s disease compared to psychotropic
drugs in HAMD. In addition, HM appeared to be safer
compared to psychotropic drugs in terms of the incidence

of AEs. Comparisons between HM and placebo in four studies
did not have homogeneous outcomes in the meta-analysis. Of
the four studies, three showed significant differences between
the HM and placebo groups in improving BPSD symptoms
but not in the one remaining study. The incidence of AE was
not significantly different between the groups, and these
results did not change according to the subgroup analysis
on dementia severity, dementia type, or treatment duration.
When HM was compared to anti-dementia drugs or no
treatment, there were statistically significant benefits in
improving sleep quality assessed by PSQI or BPSD
symptoms assessed by NPI in a study, respectively. When
HM was used as an adjunctive therapy, it showed the most
consistent benefit. When HM was used in combination with
psychotropic or anti-dementia drugs, there were statistically
significant benefits in BEHAVE-AD, NPI, HAMD, TER based
on BPSD symptoms, incidence of AEs, and Barthel index,
compared to monotherapy with psychotropic or anti-
dementia drugs. The methodological quality of the RCTs
included in this systematic review was not optimal overall.
In particular, allocation concealment and blinding domains
were evaluated as unclear in most studies.
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Clinical Implications
HM is an EATM modality that has long been used in Asian

countries for health improvement and disease treatment. The
results of this systematic review and meta-analysis provided
limited evidence that HM may be associated with additional
benefits in BPSD treatment, particularly when used as an adjunct
to conventional medications, including psychotropic and anti-
dementia drugs. Although the clinical evidence supporting the
effectiveness (or efficacy) and safety of HM for BSPD is
insufficient, this topic has clinical relevance considering that
many elderly patients already use prescription drugs and HM
in combination (de Souza Silva et al., 2014; Agbabiaka et al,
2017). Additionally, the use of HMs is not limited to EATM.
Herbs used in other traditions, such as Ginkgo biloba, Withania
somnifera, Panax ginseng, and Curcuma longa, and some
phytochemicals have also shown promising results in the
treatment of dementia (Alzobaidi et al, 2021). Currently,
studies are focused on drug delivery, such as improving the
potential anti-dementia effect of HM by using a targeted
nanocarrier system (Moradi et al., 2020; Singh et al., 2021).
Any current or future studies that explore the therapeutic
potential of HM for dementia should be encouraged, as these
can provide valuable insight in the field.

Although not within the scope of this review, HM is also used
to delay cognitive decline, a core symptom of dementia, and its
mechanisms are being studied to be related to mechanisms such
as anti-inflammatory, antioxidative, and antiapoptotic activity
(Tewari et al., 2018). However, the underlying mechanism of HM
for the core and associated symptoms of dementia is yet unclear,
and it may be related to some challenges including non-uniform
chemical composition, non-standardized ratio of herb
ingredients, and its multi-component and multi-target
mechanism (Zhou et al,, 2019). Moreover, there are safety
issues associated with HM, such as lack of safety monitoring
and potential interactions with conventional pharmaceuticals
(Ekor, 2014). Fortunately, for some standardized HMs, such as
Yokukansan, underlying therapeutic mechanisms for dementia
(Takeyoshi et al., 2016), potential interactions with conventional
medications (Soraoka et al., 2016) and safety issues have been
documented (Shimada et al., 2017). Similarly, a database of some
potential herb-drug interactions relevant to the management of
cognitive impairment has been recently developed. It provides the
pharmacological interactions of 170 bio-actives with
10 commonly-used drugs (Auxtero et al, 2021). However,
other heterogeneous HMs are also used in clinical practice and
their safety profiles need further clarification. Spontaneous
reporting systems and active pharmacovigilance for the use of
HMs should be encouraged with stringent oversight by a
national-level regulatory body to ensure patient safety and
satisfaction (Zhang et al., 2015b).

In summary, in order for HM to be seamlessly integrated into
the conventional medical system in the management of dementia,
particularly to treat BPSD, the use of standardized HM with well-
managed quality should be encouraged, and the underlying
mechanisms and possible interactions with conventional
pharmaceuticals should be further investigated. It should also

Herbal Medicine for BPSD

be used by health care professionals in clinics or hospital-based
settings for meticulous effectiveness and safety monitoring.

Strengths and Limitations

This systematic review comprehensively reviewed the studies
published to date on this issue and summarized the clinical
evidence supporting the effectiveness and safety of HM in the
management of BPSD. Considering the limitations of
psychotropic drugs in the management of BPSD, particularly
in the elderly, and many elderly patients already use HM, this
topic has great clinical relevance. Our study highlights the limited
evidence of HM for BPSD management and discusses the future
directions necessary for HM to be integrated into conventional
dementia care systems as an adjuvant therapy.

The findings of this systematic review should be interpreted
with careful consideration of some limitations (Wimo et al.,
2017). Although this review collected clinical evidence of HM
for BPSD as the most comprehensive, the number of studies
included in each meta-analysis was less than six because the
studies included were heterogeneous. In particular, some
standardized HMs, such as Yokukansan, existed, but most
studies used HMs of heterogeneous composition. Although
EATM is a medicine system that emphasizes holistic and
individualized approaches (Fung and Linn, 2015), the use of
standardized HM is emphasized in order to establish an effective
HM use strategy for BPSD treatment and to confirm its expected
effectiveness and safety. In addition, in order to accumulate
robust clinical evidence of HM for BPSD management, the
design of dementia severity, dementia type, BPSD severity, and
treatment duration of subjects should be homogeneous (Ohno
etal., 2019). In the protocol of this review (Kwon et al., 2021), the
subgroup analysis was planned according to the severity of
baseline BPSD of participants, but this subgroup analysis was
not possible because of the heterogeneity of the indicators.
However, since psychotropic drugs, such as antipsychotics, are
generally more recommended for severe BPSD compared to safe
non-pharmacological therapy (Masopust et al., 2018), finding
other safe alternatives, including HM, in patients with severe
BPSD, is necessary (Cerejeira et al., 2012). Since only a few studies
were included in each meta-analysis, evaluation of publication
bias through funnel plots was not possible. However, most studies
included in the analysis were conducted and reported in China,
which suggests a potential publication bias in the results.
Although HM is mainly used in Asian countries as an EATM
modality, rigorous clinical trials conducted in Taiwan and Korea,
in addition to China and Japan, are encouraged to address this
issue (van der Linde et al., 2016). None of the included studies
reported the results of economic value related to HM for BPSD.
Dementia causes a huge socioeconomic burden worldwide, and
BPSD is a major contributing factor (Cerejeira et al., 2012).
Therefore, effective alternatives to BPSD in the future require
cost-effectiveness, effectiveness, and safety. Considering that the
cost-effectiveness of HM is being studied for other clinical topics,
such as chronic low back pain (Sung et al., 2019), further clinical
rescarch on HM for BPSD should encompass economic
evaluation.
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CONCLUSION

According to the findings of this review, HM may be associated
with additional benefits in BPSD treatment, particularly when
used as an adjunct to conventional medications, including
psychotropic and anti-dementia drugs. However, considering
the methodological quality of the included RCTs, this clinical
evidence is not robust. In addition, the heterogeneity of HMs used
in each study encourages the use of standardized HMs in the
future. Nevertheless, dementia is a global health concern, and
considering the limitations of conventional psychotropic drugs
for BPSD, a major cause of the disease burden, HM appears to be
a promising complementary therapy that warrants further
research.
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