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Abstract N\
Background: Mild cognitive impairment (MCI), as a common neurodegenerative aging disease representing an intermediate stage \
between normal cognitive functioning and dementia, poses an excessive burden on health care. The clinical benefit of Chinese herbal
medicines (CHMs) for MCI remains inconclusive. This study is aimed at evaluating the efficacy and acceptability of CHMs through
meta-analysis and trial sequential analysis (TSA).

Methods: We applied extensive strategies on preliminary literature screening to identify relevant randomized controlled trials which
meticulously compare any of CHMs interventions with placebo groups as monotherapy for MCI. The primary outcome of this study is
the change of global cognitive function, and the secondary outcomes include assessments of activities of daily living, mood, and
adverse events. Data synthesis, risk of bias assessment, sensitivity and subgroup analyses, and TSA will be conducted with
application of Review Manager, Stata, and TSA software. The quality of the evidence will be evaluated using the Grading of
Recommendations Assessment, Development and Evaluation instrument. INPLASY registration number: INPLASY202190006
(https://inplasy.com/inplasy-2021-9-0006/).

Results: This study will confirm the clinical efficacy and safety of CHMs when used in the treatment of patients with MCI.

Conclusion: This study will provide reliable evidence and references for the selection of CHMs in therapy and future clinical
research of MCI.

Abbreviations: ADAS-cog = Alzheimer’s Disease Assessment Scale—cognitive section, ADL = activities of daily living, CHMs =
Chinese herbal medicines, Cls = confidence intervals, GRADE = Grading of Recommendations Assessment, Development and
Evaluation, MCI = mild cognitive impairment, MMSE = mini-mental state examination, MoCA = Montreal cognitive assessment, TCM
= Traditional Chinese medicine, TSA = trial sequential analysis.
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1. Introduction

Mild cognitive impairment (MCI) is the transitional phase
between normal cognitive functioning and dementia, character-
ized by an objective cognitive deficit which has not yet crossed the
threshold for dementia, though without notably interference in
daily life activities.!'! Due to the aging population, the number
of people with MCI is expected to grow. The prevalence is
estimated to rise to over 2 billion people and by 10% to 20% in
the near future among ages over 60.1¥ Moreover, individuals
with MCI have an increased risk of developing Alzheimer’s
disease or other dementia. The annual conversion rate from MCI
to dementia ranges from 5% to 20%, depending on the sample
studied and the follow-up duration.”>®! These rapidly growing
cases and relatively high conversion rate will have a large impact
in the families and society, placing an excessive burden on health
care. Therefore, the World Health Organization stresses to take
global action against MCI, which has long made the development
of effective therapies for MCI a critical issue.!”®!

Thus far, there are no recommended pharmacological or non-
pharmacological treatments for MCL! Recent meta-analyses
show that cholinesterase inhibitors, including donepezil, galant-
amine, and rivastigmine, have negligible effects in reductions in
conversion to dementia or well-known cognitive test scores such
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as Mini-Mental State Examination (MMSE) and Alzheimer’s
Disease Assessment Scale—cognitive section (ADAS-cog), and
Montreal Cognitive Assessment (MoCA) when prescribed to
patients with MCL!'%" On the other hand, cholinesterase
inhibitors were associated with a higher incidence of adverse
events, including abnormal dreams, insomnia, headache, dizzi-
ness, nausea, diarrhea, vomiting, and weight loss.">131 As for
non-pharmacological treatments, there remains uncertainty over
the effects of physical exercise, cognitive stimulation, cognitive
training, cognitive rehabilitation, musical therapy, and multi-
domain interventions in MCI given large diversity existing in
different study designs and potential risk of bias in this field.**1°!

In this situation, Chinese herbal medicines (CHMs), applied
widely to treat MCI in hospitals in China for decades, have
gained significant research attention from the global medical
community due to their potential as novel treatments for
MCLI®7! Clinical research has shown that CHMs can
ameliorate cognitive function and quality of life with improve-
ment of MMSE, ADAS-cog, MoCA, and Activities of Daily
Living (ADL) scores. The results of experimental studies have
suggested that CHMs can exert multiple effects, with limited side
effects and can act through multiple targets and multiple
pathways.['®!?! Compounds found in CHMs have been reported
to be able to inhibit the generation of AR and prevent amyloid
pathology, including ginsenoside, berberine, baicalein, salvia-
nolic acid.?%?!" Some studies on CHMs focusing on the
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Acetylcholine system have found that Huperzine A, ginsenosides,
curcumin, icariin, and ganoderma can exhibit robust anti-acetyl-
cholinesterase activity.[*>?3! Apart from these, research has also
indicated that CHMs can inhibit neuronal apoptosis, stimulate
neuronal mitochondrial function and ameliorate oxidative stress
in the hippocampus, and so on (Fig. 1).***S!

Thus, a quantitative meta-analysis including the most recent
studies is needed to clarify the efficacy of CHMs for MCI.
The primary objective of this meta-analysis is to quantify the
overall effect of CHMs on global cognitive function in patients
diagnosed with MCIL. Secondary objectives are to

1. determine whether CHMs positively influence ADL of MCI
patients,

2. evaluate the efficacy of CHMs on mood, and

3. assess the safety and tolerability of the CHMs based on
reported adverse events and dropouts.

2. Methods

2.1. Protocol and registration

The current study will be conducted in accordance with the
recommendations of the Cochrane Handbook for Systematic
Reviews of Interventions and will be reported in compliance with
the Preferred Reporting Items for Systematic Reviews and Meta-
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Figure 1. The effects of Chinese herbal medicines with regards to the improvement of mild cognitive impairment.
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Figure 2. Flow chart of literature selection process.

Analyzes guidelines, as shown in Figure 2.12%271 All analyzes will
be based on the basis of previous published studies and therefore
there exists no ethical approval or patient consent are require-
ments. The protocol has been registered on INPLASY (Interna-
tional Platform of Registered Systematic Review and Meta-
analysis Protocols) platform (https://inplasy.com/), registration
number: INPLASY202190006  (https://inplasy.com/inplasy-
2021-9-0006/).

2.2. Literature search

We will apply extensive strategies for preliminary literature
search in PubMed, Embase, Cochrane Library, China National
Knowledge Infrastructure, China Biological Medicine, Chinese
Science and Technology Periodical Database, and Chinese
Medicine Premier databases to identify relevant articles with
no limits on publication date. Through both combined Medical
subject headings and text-terms followed by Boolean logical
operators, an exhaustively search was executed by using the

following Medical subject headings terms with the limitation of
Chinese and English language: “Cognitive Dysfunctions,” “Mild
cognitive impairment,” “Cognitive impairment,” “Mild Neuro-
cognitive Disorder,” “Cognitive Decline,” “Randomized con-
trolled trials,” “Drugs, Chinese Herbal,” as well as additional
relevant conceptual keywords. References of studies with
potential relevance will be manually checked in case of missing
a few underlying eligible articles. We will also search www.
clinicaltrials.gov and screened the bibliographies to identify any
potentially eligible studies.

2.3. Selection criteria

The participant (P), intervention (I), comparator (C), outcome
(O), and study design (S) are the key factors determining the
selection criteria of studies in our analysis.

2.3.1. Type of participant. Participants diagnosed with MCI by
any proper clinical criteria not caused by traumatic brain injury
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or space-occupying lesion will be included. There is no restriction
on age, sex, race, or region of the enrolled participants.

2.3.2. Type of interventions and comparators. Interventions
in the treatment group will include any kinds of orally
administered CHMs such as prescription and Chinese patent
medicines in the form of liquids, pills, powders, granules, or
capsules as mono-therapy. The control group was defined as
patients who were assigned to receive placebo. CHMs in
combination with other conservative treatments such as cognitive
rehabilitation and oral drugs, and other Traditional Chinese
medicine (TCM) treatments such as intravenous medication,
acupuncture, and massage for cognitive deficit will be excluded.
The concomitant use of medication for noncognitive disorders
will be allowed.

2.3.3. Type of outcomes. The change in global cognitive
function scores will be applied as the primary outcome measure,
derived from MMSE, MoCA, and ADAS-cog scales.?83!
Secondary outcomes include assessments of ADL and mood
which might be measured by the Bayer ADL, Erlangen ADL,
Alzheimer Disease Cooperative Study ADL, the Disability
Assessment for dementia ADL scales, and Geriatric Depression
Scale.®'5! The incidences of adverse events related to CHMs
will also be included as secondary outcomes. All outcome
measures have to be administered at baseline and directly after
the intervention period.

2.3.4. Study design. All relevant peer-reviewed articles with a
randomized controlled trial design will be included. Case reports,
reviews, prospective or retrospective cohort studies, conference
abstracts, and studies not written in English or Chinese will be
excluded. When articles reported an overlap in the sample of
participants the article with the largest sample was included.

2.4. Literature selection and data extraction

Two researchers (S.C.G. and L.M.Z.) will independently check
the titles and abstracts of literatures according to inclusion and
exclusion criteria, and identify relevant records as included,
excluded or uncertain. In case of uncertainty, the full-text article
was acquired to identify eligibility. Disagreements were discussed
with other researchers (C.X.W. and C.G.) and adjusted after
reaching consensus. The Endnote X7 literature management
software (Thompson ISI Research Soft, Philadelphia, Pennsylva-
nia, USA) will be used for procession of the screening records.
Data extraction will be performed by another 2 researchers (Y.].
Q. and J.Y.M.) independently from the primary texts, supple-
mentary appendixes and protocols. Collected features include
title, year of publication, author, recruitment period, country of
centers, sample size of each group, details regarding trial design
(e.g., randomization, allocation concealment, blinding, etc.),
patient demographics, treatment and control interventions, and
outcomes data. Disagreements will be resolved by consensus.

2.5. Risk of bias assessment

Three researchers (S.C.G., L.M.Z. and C.X.Y.) will indepen-
dently assess risk of bias with use of the Cochrane Collabo-
ration’s tool.®®! Risk of bias at trial level is reported in 6 domains:

1. selection bias (random sequence generation and allocation
concealment);
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. performance bias (blinding of participants and personnel);
. detection bias (blinding of outcome assessment);

. attrition bias (incomplete outcome data);

. reporting bias (selective reporting); and

. other bias including financial and academic bias.
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Each domain will be rated as low, high, or unclear, and a total
risk of bias judgment is based on the assessment of all domains.
Trials with low risk of bias for all key domains are judged as low
risk of bias. Trials with low risk of bias in all domains except
blinding of participants and personnel are adjudicated as overall
intermediate risk of bias. Trials with high risk of bias for greater
than or equal to one key domain are judged as at high risk of bias.
We plan to base our main1 conclusions on the results from trials
with overall low or intermediate risk of bias in case no trials were
adjudicated as having overall low risk of bias. Differences will be
discussed with a third researcher (R.R.Z.) until consensus is
reached.

2.6. Statistical analysis
2.6.1. Measures of treatment effect. We will report continuous

outcomes as mean differences with standard deviations and
dichotomous outcomes as relative risks with 95% confidence
intervals (Cls). The primary outcome of the change in global
cognitive function scores will be treated as continuous variables
and mean differences with 95% ClIs between treatment and
control groups will be estimated. Intention to treat analyses will
be reported if available. All p values are two-tailed and
considered statistically significant if less than 0.035.

2.6.2. Heterogeneity test. Statistical heterogeneity between the
trials will be assessed primarily by inspecting Forest plots for
heterogeneity, secondarily using the inconsistency (I*) and
diversity (D?) statistics with thresholds as suggested by the
Cochrane Handbook, with I* values of 0% to 25%, 25% to
75%, and 75% to 100% representing low, moderate, and
substantial heterogeneity.[*”! We will use random-effects models
(assuming that the true intervention effects in the included trials
are not identical but follow normal distribution) or fixed-effects
models (assuming that the true effect of the intervention in both
direction and magnitude is fixed across included trials) across
outcomes according to the heterogeneity and report the most
conservative estimates with the widest Cls. Fixed-effects models
will be applied if there is no evidence of heterogeneity; otherwise,
random-effects models will be applied.

2.6.3. Sensitivity analysis. If necessary, a leave-one-out sensi-
tivity analysis will be performed to evaluate the main trials
demonstrating a substantial impact on the inter-study heteroge-
neity. If there is no qualitative change in the combined effect, the
results are stable.

2.6.4. Subgroup analysis. We plan to conduct 5 subgroup
analyses of the included trials to evaluate the influences of the
following factors on primary outcome:

. patient age;

. type of CHM;

. MCI duration;

. sample size;

. cognitive function scores at the baseline.

“Li AW~

Heterogeneity in the subgroup analyses is assessed using the
Chi? test with P=.05 considered significant. And only subgroup
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analyzes showing a statistically significant test of interaction
(P <.05) will be considered to provide evidence of an intervention
effect.

2.6.5. Publication bias. Publication bias will be assessed by
visual inspection of the funnel plots generated by Review
Manager software (version 5.3, Cochrane Collaboration,
Oxford, UK), which display the relationship between effect size
and sample size. Trials distributed symmetrically around the
mean effect size in a funnel shape indicates that there is no
publication bias. If the plot is asymmetric and there is no inverted
funnel shape, it indicates that there might be publication bias and
trials falling outside the funnel shape have high risk of bias.
Publication bias will also be quantified by the Begg-Mazumdar
test®® and the Egger test using Stata software (version 15.1, Stata
Corp, College Station, TX).!

2.6.6. Grading quality of evidence. Two authors independently
evaluated the quality assessment of the selected studies according to
the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) instrument.*”! The overall quality of evidence
was rated “high,” “moderate,” “low” or “very low” based on our
evaluation of identified risks of bias, inconsistency, indirectness,
imprecision, and publication bias. And the summary table will be
constructed with the GRADE Profiler (version 3.6, GRADEpro).

2.6.7. Dealing with missing data. The corresponding authors
will be contacted regarding missing data at least twice. We plan to
conduct sensitivity analyses for participants who are lost to
follow-up with best-worst- and worst-best-case-scenarios.

2.7. Trial sequential analysis

Cumulative meta-analyses may result in type I errors with the
increased risk of random errors due to repetitive statistical testing
especially when trials included have a small sample size,
publication bias, low quality."*!! Trial sequential analysis
(TSA) is a method aiming to correct for the risk of random
errors. For determining the effect while adjusting the threshold
for statistical significance, the optimal information size (IS) is
quantified for each variable based on a value of 0.05 for « (type I
error of 5%, two-sided) and 0.20 for B (80% power): for
continuous data, the required IS is estimated based on diversity-
adjusted IS as 50%, MD, and variance based on empirical
assumptions, whereas, for dichotomous data, the required IS is
based on the incidence of low risk of bias studies, which are auto-
generated by the software. TSA also creates trial sequential
monitoring boundaries, futility boundaries, and areas for benefit,
harm, and futility simultaneously to eliminate early positive
findings and reach more reliable conclusions. If the cumulative z
curve exceeds the IS, or crosses the trial sequential monitoring
boundary or enters the futility area, firm evidence may have been
made from the difference between the 2 interventions (CHM vs
pyrrolidinone derivatives) and no further studies are needed.**!
Otherwise, there is insufficient evidence to reach a conclusion. In
the present analysis, we will perform a TSA to assess the impact of
random error and repetitive testing for the primary outcome
using TSA software (version 0.9.5.10 Beta, Copenhagen Trial
Unit, Denmark; http://www.ctu.dk/tsa).

3. Discussion

Due to the substantial-dual harm caused by MCI in the families
and society, it is imperative to provide a reliable evidence of
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positively affecting global cognitive function, ADL and mood in
MCI patients with by enhancing relevant cognitive interventions
with good clinical tolerance.

In recent years, in contrast to the slight efficacy of the western
medicine in the treatment of MCI, CHMs have shown
remarkable efficacy in terms of improving MCL In addition to
above-mentioned incentive mechanisms of CHMs, the indepen-
dent TCM theory system of MCI contained in CHMs has been
attracting a great deal of attention in this field. TCM believes that
the pathogenic process of MClI involves a deficiency of qi, blood,
yin and yang, phlegm, and stagnation, causing the brain to lose
nourishment, and thus undergo atrophy, thus leading to amnesia
and retard. Although the brain is the organ involved, the disease
also involves the kidney, heart, liver, and spleen. The nature of
this disease is principally deficiency and secondary excess.

Although the current understanding of the theoretical, clinical
and experimental research has led to the realization that CHMs
provide significant potential for development as promising
therapeutics for MCI, the evidence might be limited when the
evaluation included comparison with active control groups or
incorporated more than 2 cognitive treatments simultaneously.
Therefore, as the first meta-analysis of CHMs as mono-therapy
compared with placebo for MCI, our study attempts to
summarize and estimate the most recent studies to provide a
robust and conclusive evidence for the improvement of MCI by
CHMs with the application of TSA.

Several limitations may exist in this study. First, since MCI has
neuropathological heterogeneity, randomized controlled trial
conducted for neuropathologically classified MCI with specific
biomarker data are rare. Thus, the relationship between the
efficacy of CHM and neuropathological features of MCI may not
be discovered. Second, there might be the paucity of studies
included for the individual CHM. Owing to the different
pharmacological mechanisms of action, studies regarding the
effectiveness of individual CHM for MCI are needed in the
further. Third, the rate of conversion from MCI to dementia is
about 10% each year and the pace of cognitive decline for the
individual patient with MCI is quite slow, which might result in
the relatively short study duration included in our meta-analysis.
Though our subgroup analysis of MCI duration may contribute
to show the correlation between the duration and cognitive
function scores, studies with longer duration are still needed to
determine the overall benefits of CHM for MCL
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