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A systematic review of the safety 0

and efficacy on cognitive function of herbal
and nutritional medicines in older adults
with and without subjective cognitive
impairment
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Abstract

Background Subjective cognitive impairment (SCI) substantially increases dementia risk and is often conceptual-
ised as the preclinical asymptomatic phase of the cognitive decline continuum. Due to the lack of pharmacological
interventions available to treat SCI and reduce dementia risk, and the popularity of herbal and nutritional medicines,
the primary aim of this review was to investigate the efficacy on cognitive function and safety of herbal and nutri-
tional medicines (relative to a control) for older adults with and without SCI. The secondary aims were to describe
the study characteristics and assess the methodological quality of included studies.

Method Five databases (Cochrane, MEDLINE, CINAHL, Psycinfo, and EMBASE) were searched from database inception
with weekly alerts established until review finalisation on 18 September 2022. Articles were eligible if they included
the following: study population of older adults with and without SCI, herbal and nutritional medicines as an interven-
tion, evaluated cognitive outcomes and were randomised control trials.

Results Data were extracted from 21/7666 eligible full-text articles, and the risk of methodological bias was assessed
(with SCI=9/21; without SCl=12/21). Most studies (20/21) employed parallel, randomised, placebo-controlled designs
and were 12 weeks in length. Herbal supplements were widely used (17/21), namely a form of Ginkgo biloba (8/21)

or Bacopa monnieri (6/21). Measures of cognition varied across studies, with 14/21 reporting improvements in at least
one domain of cognitive functioning over time, in the intervention group (compared to control). A total of 14/21
studies were deemed as having an overall high methodological risk of bias, 6/21 had some concerns, and only one
study (using an SCI population) was assessed as having a low risk of methodological bias.

Conclusions Overall, this review found that there is a low quality of evidence regarding the efficacy of cognitive
function and safety of herbal and nutritional medicines for older adults with and without SCI, due to a high risk

of bias across studies. Additionally, further work needs to be done in classifying and understanding SCI and selecting
appropriate trial primary outcomes before future studies can more accurately determine the efficacy of interventions
for this population.
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Introduction

Subjective cognitive impairment (SCI) is a self-perceived
worsening of cognitive functioning, particularly in the
area of memory, that cannot be verified by neuropsy-
chological tests [1, 2]. SCI lies on a continuum of healthy
cognitive ageing and is conceptualised as the preclinical
phase of dementia (healthy cognitive ageing, to preclini-
cal SCI, followed by prodromal mild cognitive impair-
ment (MCI), then dementia) [2—4]. SCI is estimated
to double the risk of future objective decline (MCI or
dementia) [5, 6], carries an increased prevalence of Alz-
heimer’s disease biomarkers and impacts mental health
(1 in 3 people) and functional ability (1 in 2 people) [7],
making it an important area of focus for secondary pre-
vention research and care.

It is estimated that the prevalence of SCI is 1 in 4 older
adults aged 60 years and above, worldwide, with these
numbers increasing rapidly each year [2]. Currently, there
are no approved pharmacological interventions available,
with many older adults experiencing SCI seeking alterna-
tive treatments [8]. Difficulty also lies with the assessment
of SCI, as current diagnostic tools have been developed
for MCI or dementia [8, 9]. Furthermore, inconsisten-
cies in the categorisation of SCI (namely the division
between healthy adults without SCI and those with SCI)
are apparent in research [8, 9]. Due to the increased risk
of dementia and high prevalence of SCI, high-quality
research into effective treatments to improve cognitive
functioning and prolong further decline is needed.

A review and meta-analysis conducted in 2018 inves-
tigated a variety of interventions (group psychological,
cognitive, lifestyle and complementary and alternative
medicines) for the treatment of SCI and their efficacy
on psychological well-being, metacognition and objec-
tive cognitive performance [9]. The authors found that
studies were generally of low quality; hence, no firm con-
clusions could be made about the efficacy of the interven-
tions employed [9]. Whilst this review/meta-analysis is of
great importance to furthering SCI treatment research,
it did not explore the efficacy of single interventions on
cognitive functioning, nor did they investigate this usage
and efficacy in older adults without SCI.

Complementary medicines (CMs) are defined as
a broad range of health care approaches that are not
thought to be part of conventional medical care [10,
11]. CMs are classified into three primary categories of
delivery: nutritional (e.g. herbs, dietary supplements),
psychological (e.g. meditation, relaxation therapy) and

physical (e.g. acupuncture, massage) [10]. CMs are
becoming more widely available and used by older adults,
particularly herbal and nutritional medicines for the
treatment of chronic health conditions including, car-
diovascular disease [12], diabetes [13] and dementia
[14, 15]. Herbal medicines contain herbal substances or
herbal preparations, with nutritional supplements/medi-
cines containing vitamins, minerals and in combination
formulas and herbal substances/preparations as well [11,
16]. The natural properties of these medicines make them
attractive to individuals wanting to improve their general
health and well-being [11].

The primary aim of this review was to investigate the
efficacy of cognitive function and safety of herbal and
nutritional medicines (compared to an appropriate con-
trol group) for older adults with and without SCI. The
secondary aims were to describe the study characteristics
and assess the methodological quality of included studies,
utilising the Cochrane risk of methodological bias (ROB
2) tool. This is the first review, to our knowledge, that has
investigated the use of herbal and nutritional medicines
for older adults with and without SCI, in depth.

Methods

This review is structured according to the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines [17] and registered with the
PROSPERO international database of systematic reviews
on 7 May 2021 (#CRD42021244631). A protocol was not
published for this review.

Eligibility criteria

A scoping review was conducted in line with the study
eligibility criteria which were determined as per the
PICOS principles for systematic reviews [18]:

1. Population: older adults’ with and without subjective
cognitive impairment (subjective cognitive impair-
ment is a self-perceived worsening of cognitive func-
tioning) [1, 2]

2. Intervention: herbal and nutritional medicines
(herbal medicines containing herbal substances or
herbal preparations, and/or nutritional supplements/

! Older adults (with and without SCI) were defined as aged 45 years and
older, in accordance with the US Centers for Disease Control and Preven-
tion (CDC) population-based statistics on Subjective Cognitive Decline and
Aging [7].
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Table 1 Keywords forming the search strategy of the review utilised for the five databases

Area and search number

Search terms

Subjective cognitive impairment (S1)

Older adults without subjective cognitive impairment (52)
Intervention (S3)

(54)

“subjective cognitive impairment” OR “SCI"OR “sub-
jective cognitive complaint*” OR “SCC" OR “subjec-
tive memory complaint*”OR “SMC" OR “cognitive
decline” OR “preclinical dementia” OR “preclinical
Alzheimer*” OR “age associated cognitive decline”
OR"age related cognitive decline” OR "age associ-
ated memory impairment”

“healthy ageing” OR "healthy aging” OR “older adult*”

“herbal medicine” OR “Chinese medicine” OR "com-
plementary medicine” OR “alternative medicine”

OR "natural medicine” OR “vitamin* OR nutraceu-
tical” OR "nutritional supplement” OR “Chinese
herbal medicine” OR “traditional Chinese medicine”
OR“ginkgo”OR “ginseng” OR “alpha-lipoic acid”
OR"lipoic acid”OR "bacopa monnier*” OR “brahmi”
S1ORS2 AND S3

*indicates truncation

medicines containing vitamins, minerals, fatty acids
etc., separately or in combination formulas) [11, 16]

3. Comparisons: appropriate control group (non-active
orally ingested placebo, orally ingested active control)

4. Outcome: measures of cognition (both standardised/
validated and non-standardised/non-validated test-
ing measures)

5. Study design: randomised control trials (parallel or
Cross-over)

The following are the inclusion criteria: chronic dosing
studies over a period of 2 weeks or more, peer-reviewed
articles fully accessible online and written in English
that met the above PICOS criteria. The following are the
exclusion criteria: reviews, case studies, editorials, con-
ference proceedings, preclinical studies (both in vitro and
in vivo), trial protocols, trial registrations, book chapters,
abstracts only, peer-reviewed articles in which the study
population had a diagnosis of mild cognitive impairment
or dementia, did not include cognition as a primary or
secondary endpoint, or employed a co-intervention such
as cognitive training.

Search strategy

Two researchers (AEC, GZS) reviewed the search strat-
egy in consultation with an experienced librarian, prior
to the commencement of scoping. Four databases were
searched for peer-reviewed articles: Cochrane, MED-
LINE, CINAHL and PsycInfo from inception to 4
August 2018, and a further fifth database, EMBASE,
was searched on 14 September 2022. Weekly alerts were
established across the five databases until review finali-
sation on 18 September 2022. A full list of keywords is
detailed below in Table 1. The only modification to the

search strategy was the exclusion of non-randomised
controlled trials from the Cochrane database to reduce
the number of records for screening. Reference lists of
included studies were also searched to identify any fur-
ther eligible studies. Studies that included multiple age
groups were also included if they reported demograph-
ics and outcomes separately for older participants in line
with the eligibility criteria.

Data extraction and appraisal

All titles and abstracts were first screened by one author
(AEQ) for inclusion or exclusion from the review. If there
were uncertainties regarding suitability for inclusion, the
second reviewer (GZS) would assist to collaboratively
make a final decision. Full-text articles were reviewed
by the two authors with disagreements of acceptability
resolved by discussion. Study characteristics were then
extracted for each full-text article. These characteris-
tics included author(s) and study location, aim, study
population (group, sex, mean age, standard deviation
and range), diagnosis criteria/global cognition measure,
study design and outcome measurement frequencies,
intervention, dose and duration, measures of cognition
and results (cognition, retention, adherence and adverse
events).

A methodological risk of bias assessment was con-
ducted in accordance with the Cochrane Review Pro-
cess for Randomised Trials (ROB 2) [19]. The quality of
trial design, conduct and reporting of the included stud-
ies was assessed. Separate risk of bias assessments was
conducted for parallel [20-39] and cross-over design
studies [40]. The risk of bias tool evaluates five domains:
bias arising from the randomisation process, deviations
from intended interventions (effect of assignment and
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adherence to intervention), bias due to missing outcome
data and in the measurement of the outcome, and bias
in the selection of the reported result [19]. The sixth
domain of bias arising from period and carryover effects
was also evaluated for the cross-over study [19]. One
author (AEC) independently conducted the risk of bias
assessment, with the second author (GZS), reviewing the
outcomes.

Individual studies were assessed as low risk, some con-
cerns regarding methodology and high risk based on each
of the above-mentioned domains. Studies with one or
more domains assessed as high risk or with some con-
cerns for multiple domains were deemed overall as high
risk. Those with at least one domain with some concerns
were evaluated in this category. The risk of bias process
was conducted to assess the methodological quality of
studies in their published form; study authors were not
contacted for further information. A qualitative synthesis
approach to this review was taken due to the large vari-
ation of interventions and cognitive assessments utilised
across the studies, for each of the populations.

Results

Study selection

Figure 1 outlines the study selection process, with
twenty-one studies meeting the eligibility criteria [20—
40]. Nine studies involved older adults with SCI [20-22,
26, 28, 33, 35, 37, 38], and the remaining twelve, older
adults without SCI [23-25, 27, 29-32, 34, 36, 39, 40].

Study characteristics

Table 2 details a summary of the characteristics of the
nine [20-22, 26, 28, 33, 35, 37, 38] SCI studies, and
Table 3 details the twelve studies in older adults without
SCI [23-25, 27, 29-32, 34, 36, 39, 40]. Both tables out-
line the study aim, population (group, sex, mean age,
standard deviation and range), diagnosis/global cognition
measure, design, intervention and dose, duration, meas-
ures of cognition and results (cognitive outcomes, reten-
tion and adherence, and adverse events).

Across both populations, all studies were randomised,
double-blind, placebo-controlled trials [20—-40]. Twenty
studies employed a parallel design [20—39], and one study
utilised a cross-over design [40]. Three studies utilised
the same intervention with two different doses (three
comparison groups in total, including placebo) [20, 22,
28], and one study utilised two different interventions
compared to a single control [29].

Eight studies were conducted in the USA [24, 25,
27-31, 36], three each in Australia [23, 32, 38] and Italy
[26, 33, 39], two in India [21, 35] and one each in Korea
[20], the Netherlands [22], the UK [34], China [37] and
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Initial database search:
Cochrane Library N= 772
CINAHL N= 802
MEDLINE N= 3,480
PsycINFO N= 952
EMBASE N= 1,660

Duplicate records removed
.| before screening:

N=1,853

Total N= 7,666

A,

Records excluded (reviews,
editorials, book chapters):

N=1,804

Records screened after
duplicates removed:

N=5.813

A,

Records screened after
incorrect types removed:

Records excluded (incorrect
population/intervention, no
cognitive outcome):

N=4,009
N=3,990

v

Additional articles identified
through reference lists of
included studies and other
sources:

Initial full-text studies
identified for inclusion:

N=19

N=2

A
Total full-text studies
identified for inclusion:

N=21

Fig. 1 PRISMA flow diagram illustrating the study selection process

Japan [40]. Two studies were published from 1995 to
1998 [22, 33], ten published between 2000 and 2010
[21, 23-25, 27, 30-32, 35, 36], with the remaining nine
between 2012 and 2020 [20, 26, 28, 29, 34, 37-40].

Fifteen studies reported methods of recruitment [20,
22-26, 28, 29, 32, 35-40], with twelve studies con-
ducted in community settings (audio, visual, and print
media, universities) [20, 23-25, 28, 29, 32, 35-38, 40]
and three in clinical settings (general practice and out-
patient clinics) [22, 26, 39].

Participants

Across the included studies, the total sample size (at
baseline) was N=1891, with 19/21 studies report-
ing participant sex (N=1798; 61% were female) [20-
25, 28-40]. The mean age of participants reported
across 20/21 studies was 65.43 years [20-34, 36—40],
SDpooea=13.95 (for 17 studies) [20-23, 25, 27-33,
36-40]. Individual studies ranged from 28 [40] to 262
participants [31]. A total of 755 participants were
from the nine SCI studies [20-22, 26, 28, 33, 35, 37,
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38], compared to 1136 from the twelve studies in older
adults without SCI [23-25, 27, 29-32, 34, 36, 39, 40].

Eligibility criteria and global cognition measures

All twenty-one studies utilised cognitive scales or tests
[20-22, 25-33, 35, 36, 38, 39], medical questionnaires
[23, 37], self-reports of cognitive function [22, 24, 26,
27, 29-31, 34, 40] or clinical questionnaires [23, 24, 32,
38], to determine the eligibility for their respective study.
Nineteen of these studies utilised a validated measure to
test cognitive functioning [20-33, 35, 36, 38—40]. Fifteen
out of twenty-one studies utilised the Mini-Mental State
Exam (MMSE), as a measure of global cognition [20-22,
25-33, 35, 36, 38, 39]. The MMSE cut-off score for partic-
ipant inclusion varied between studies and populations.
For SCI studies, one utilised a cut-off of > 20 [22], another
a range of 20-27 [26], one with<24 [35], four studies
with a cut-off of >24 [21, 28, 33, 38] and one of > 25 [20].
For studies on older adults without SCI, one reported a
cut-off of > 23 [29], one with a range of 2429 [25], three
with a cut-off of>24 [27, 30, 32], one>26 [31] and one
each>26 [36] and >27 [39]. Overall, studies with an SCI
population reported lower cut-off scores and ranges for
participant inclusion.

Other scales included the Blessed Orientation Memory
Scale (BOMC) [24], Weschler Memory Scale (WMS)
[28, 29, 35], Clinical Dementia Rating (CDR) Scale [20],
Memory Complaint Questionnaire (MAC-Q) [28] and
Short Portable Mental Status Questionnaire (SPMSQ)
[29]. Overall, four studies utilised a global cognition
measure as their primary or secondary outcome meas-
ure, with three of these using the MMSE [26, 29, 39], and
one the WMS (logical subset score of <6) [35].

Intervention and control type

Seventeen out of twenty-one studies used a herbal sup-
plement [21, 23-26, 28—33, 35—-40] with most studies uti-
lising a form of Ginkgo biloba [23, 25, 29-31, 36-38] or
Bacopa monnieri as a primary ingredient in their inter-
vention [21, 24, 26, 32, 35, 39]. Two of these seventeen
studies used a combination formula (one containing
Ginkgo biloba and 45 other herbs, minerals and vitamins
specifically made for women [38]) (the other contain-
ing Bacopa monnieri, lycopene, astaxanthin and vitamin
B12 [39]). In addition, one study each used a spearmint
extract (Mentha spicata L.) [28], a standardised ginseng
extract (G115) [33] and a diosgenin-rich yam extract
(diopower 15) containing vitamins, oils and beeswax [40],
and one used a nutritional supplement (OPC Synergy®
plus Catalyn) containing buckwheat, teas, and fruit and
vegetable extracts, as a secondary intervention [29].
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Two of the remaining four studies utilised a herbal
combination via a liquid solution (Ginkgo biloba, alco-
hol/water solution [22] and SRM [Salvia officinalis L.,
Rosmarinus officinalis L. and Melissa officinalis L.]) [34],
one study utilised a nutrient based juice (sweetened
cranberry juice) [27], and one study used an oral capsule
containing a type of fungus (Tremella fuciformis) [20].
Twenty out of twenty-one studies reported a method of
administration [20-34, 36—40] with ten administering
the intervention orally via capsule [20, 21, 25, 26, 28-30,
33, 37, 40], seven utilised tablets [23, 24, 31, 32, 36, 38,
39] and three a liquid solution [22, 27, 34].

In terms of the control groups, all studies stated that
they utilised a form of placebo. Nineteen out of twenty-
one studies detailed the type of placebo employed [20-
28, 30-34, 36—40], with ten studies utilising a capsule [20,
21, 25, 26, 28, 30, 33, 36, 37, 40], six a tablet [23, 24, 31,
32, 38, 39] and three an oral liquid [22, 27, 34]. Eight out
of twenty-one studies (38%) provided some information
on the ingredients contained in the placebo [22, 28, 29,
34, 36-39]. Five of these studies used a form of placebo
containing active herbal or nutritional ingredients [22,
29, 34, 38, 39], with the remaining three using a placebo
containing inert substances [28, 36, 37]. Overall, 17/21
studies stated that they matched their placebo with the
intervention [20-27, 30-33, 36—40]. Nineteen out of the
twenty-one studies sufficiently detailed the dose of inter-
vention [20-32, 34—36, 38—-40], and seventeen detailed
the dose of placebo [20-22, 24-28, 30, 31, 33, 34, 36—40].

The total duration of studies ranged from 2 weeks [34]
to 9 months [33]. The majority of studies were 12 weeks
[21, 23, 24, 32, 35, 37], 6 weeks [27, 30, 31, 36] or 8 weeks
[20, 26, 39] in length. Four studies employed a washout,
run-in or withdrawal period; two before the trial began
[22, 39], one between two cognitive testing periods (mid-
point-12 weeks and endpoint-24 weeks) [21] and one for
6 weeks separating the intervention cross-over period
[40]. One study utilised a 6-week placebo intake period
for the control group, with 12 weeks of intervention for
the treatment group [24].

Primary and secondary measures of cognition

Measures of cognition varied across the included studies.
The most common were the Wechsler Adult Intelligence
Scale (WAIS; n=6) [21, 24, 27, 29, 31, 36], the Weschler
Memory Scale (WMS; n=6) [21, 27, 30, 31, 35, 36], the
Rey Auditory Verbal Learning Test (RAVLT; n=5) [21,
22, 24, 32, 39], the Stroop Colour and Word Test (SCWT;
n=4) [24, 27, 29, 30], the Trail Making Test (TMT; n=4)
[27, 29, 32, 39] and the Mini-Mental State Examination
(MMSE; n=4) [26, 29, 39, 40].
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D1= Domain 1, bias arising from randomisation; D2a= Domain 2a, bias due to
deviations from intended interventions (effect of assignment); D2b= Domain 2b, bias
due to deviations from intended interventions (effect of adhering to intervention); D3=
Domain 3, missing outcome data; D4= Domain 4, bias in measurement of outcome; D5=
Domain 5, bias in selection of reported result.

Fig. 2 Risk of bias domains for older adults with SCI (parallel studies)

Retention and adherence

Nineteen of the twenty-one studies consistently reported
retention, with an average retention rate of 92% across
the studies [20-26, 28, 30-38, 38—40]. Comparatively,
only 7/21 studies specifically reported treatment adher-
ence, with an overall average of 93% across both inter-
vention and placebo usage [20, 22, 24, 26, 28, 33, 38, 38].

Risk of bias within and across studies
Figures 2 and 3 (parallel studies) and Fig. 4 (cross-over
study) provide a summary of each of the risk of bias
domains, and an overall risk of bias assessment, for each
of the twenty-one included studies. Green circles indicate
that the domain or study has been evaluated as low risk,
yellow as having some concerns and red as high risk.
Each article was assessed in terms of randomisation,
intended interventions (effect of assignment and effect
of adhering to the intervention), missing outcome data,
measurement of outcomes and selection in reported
results. In terms of the overall risk of bias assessment,
only one study was deemed as low risk [26], some con-
cerns were found for 6/21 studies [20, 24, 27, 28, 33, 39]
and the remaining fourteen were deemed to be high risk
[21-23, 25, 29-32, 34-38, 40]. Between populations,
three SCI studies were assessed as having some concerns

[20, 28, 33], five were deemed high risk [21, 22, 35, 37,
38] and one was deemed low risk [26]. For the non-SCI
studies, three were assessed as having some methodo-
logical concerns [24, 27, 39], and the remaining nine were
deemed as high risk [23, 25, 29-32, 34, 36, 40].

Despite all twenty-one studies stating the method of
intervention assignment was randomised, only fourteen
sufficiently detailed the randomisation process and were
deemed as low risk [21-23, 25-27, 29-32, 36-38, 40].
Intended interventions (effect of assignment to interven-
tions) were adequately reported in five studies (low risk)
[20, 26, 28, 29, 36], nine were assessed as high risk [21-
23, 25, 30-32, 38, 40] and the remaining seven have some
concerns [24, 27, 33-35, 37, 39]. Thirteen studies were
assessed as low risk for reporting on intended interven-
tions (effect of adhering to the intervention) [20, 22-24,
26-31, 33, 38, 39] and eight as high risk [24, 29, 32, 34—
37, 40].

In terms of missing outcome data (domain three),
17/21 studies were evaluated as low risk [20-22, 24, 26—
31, 33-37, 39, 40], and the remaining four were assessed
as high risk [23, 25, 32, 38]. Within domain 4 (measure-
ment of outcomes), 18/21 studies were deemed as low
risk [20-33, 36-39], and the remaining three were as
high risk [34, 35, 40]. Eighteen out of twenty-one studies
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D1= Domain 1, bias arising from randomisation; D2a= Domain 2a, bias due to
deviations from intended interventions (effect of assignment); D2b= Domain 2b, bias
due to deviations from intended interventions (effect of adhering to intervention); D3=
Domain 3, missing outcome data; D4= Domain 4, bias in measurement of outcome;
D5= Domain 5, bias in selection of reported result.

Fig. 3 Risk of bias domains for older adults without SCI (parallel studies)
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of assignment); D2b= Domain 2b, bias due to deviations from intended interventions (effect of
adhering to intervention); D3= Domain 3, missing outcome data; D4= Domain 4, bias in
measurement of outcome; D5= Domain 5, bias in selection of reported result.

Fig. 4 Risk of bias domains for older adults without SCI (cross-over study)

were assessed as low risk for selection in reported results
(domain 5) [20-22, 24—29, 31-39], with some concerns
for only three studies [23, 30, 40]. In terms of bias arising
from period or carryover effects (domain S) in the cross-
over study, this was deemed as low risk [40].

Study results

Results for all twenty-one studies are outlined below
including intervention efficacy on cognitive function,
adverse events and risk of bias.

Intervention efficacy in low risk of bias study

Only one study was deemed to be low risk for all
domains, in terms of the overall methodological assess-
ment. This 2017 randomised, double-blind placebo-
controlled trial was conducted by Cicero and colleagues
[26]. Participants were 30 older adults with self-perceived
cognitive decline and ingested either a Bacopa monnieri
formulation or a placebo capsule for 8 weeks; MMSE
was measured at each time point. In terms of interven-
tion efficacy, a significant increase in MMSE score was
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found from baseline to endpoint in the treatment arm.
Furthermore, a significant increase in score was also
found in the treatment group at the endpoint, compared
to placebo, demonstrating a significant improvement in
cognitive function for the intervention group across time
and between groups [26]. Only one adverse event was
reported an aftertaste from active product intake.

Intervention efficacy in remaining SCl studies

Across time, a significant improvement in at least one
cognitive outcome for participants in the intervention
group (compared to placebo) was found in 6/8 of the
remaining SCI studies [20, 21, 28, 33, 35, 38]. Improve-
ments were mostly found in the areas of memory (work-
ing, spatial, short-term, retention and logical) [20, 28,
33, 35, 38] and executive functioning [20, 21, 35]. Three
of the eight studies utilised a capsule containing a herbal
extract: one contained Bacopa monnieri [21], one spear-
mint extract (Mentha spicata L.) [28] and one standard-
ised ginseng extract [33]. One study used a combination
supplement (tablet), containing 46 herbs, vitamins and
minerals (mainly consisting of Ginkgo biloba, Silybum
marianum dry fruit (St. Mary’s thistle) and Vitis vinifera
dry seed (grape seed)) [38]. An additional study utilised a
capsule containing Tremella fuciformis (a type of fungus)
[20], and the last study did not specify an administration
method but used a standardised extract of Bacopa mon-
nieri [35].

Of these six studies, mild to moderate adverse events
were reported in three of them [28, 35, 38]. Knee pain,
myalgia, headaches and heartburn were reported in the
study conducted by Herrlinger and colleagues utilis-
ing Mentha spicata L. as their intervention [28]. These
adverse events were reported for both the treatment and
placebo groups; however, heartburn experienced by a
participant in the 600 mg/day Mentha spicata L. group
was deemed as ‘probably related;, compared to all other
events deemed as ‘not related’ [28]. One participant
withdrew due to maculopapular rashes in the interven-
tion group (Bacopa monnieri), in the study conducted by
Raghav and colleagues [35]. Two participants withdrew
from the study conducted by Macpherson and colleagues
using a combination formula containing Ginkgo biloba
(intervention) [38]. One participant withdrew due to
nausea and vomiting in the intervention group and one in
the placebo group due to a mild rash [38].

In relation to the risk of methodological bias for all six
SCI studies with an improvement in cognitive function-
ing, two of the studies utilising Bacopa monnieri [21, 35]
and one using Ginkgo biloba (combination supplement)
[38] were deemed as being high-risk. The remaining
three were assessed as having some concerns in terms of
methodological reporting [20, 28, 33].
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For the two studies that did not find an improvement
in cognitive functioning between groups (intervention
cf. placebo) or across time, both reported adverse events
with the use of Ginkgo biloba alcohol/water extract
(drops) [22] and a herbal/dietary supplement also con-
taining Ginkgo biloba [37]. Gastrointestinal upset was
reported as the main adverse reaction for both studies
[22, 37] with dizziness, headaches and sleep disturbance
also reported in the Ginkgo biloba alcohol/water extract
study [22]. In total, Brautigam and colleagues reported
adverse events for 25 participants across both the pla-
cebo and intervention groups [22]. In terms of the sec-
ond study, it is not known whether the two participants
who reported adverse events were receiving the interven-
tion or placebo [37]. Overall, both studies were deemed
as high risk in terms of the methodological risk of bias
assessment.

Intervention efficacy in non-SCl studies
Overall, 7/12 non-SCI studies reported a significant
improvement in cognitive functioning in the intervention
group (compared to placebo), across time [23, 24, 30-32,
39, 40]. The most common improvements were in mem-
ory (long-term storage, retrieval, delayed recall, recogni-
tion) [23, 24, 31, 32], executive functioning [24, 30, 39,
40] and language [30, 39, 40]. Two studies used a form of
Ginkgo biloba capsule [23, 30]; one used a Ginkgo biloba
tablet [31]; two used a form of Bacopa monnieri tablet
[24, 32]; one used an antioxidant combination formula
(tablet) containing Bacopa monnieri, lycopene, astaxan-
thin and vitamin B12 [39]; and one a diosgenin-rich yam
extract capsule [40]. An additional study reported a sig-
nificant improvement in executive functioning across
time, using a combined herbal and nutritional supple-
ment containing Ginkgo (Ginkgo Synergy® plus Choline)
[29]. A significant improvement in verbal fluency was
also found in the secondary intervention group (across
time, compared to the Ginkgo and placebo groups) using
OPC Synergy®, a dietary supplement (plus Catalyn) [29].
A further study using a Ginkgo biloba-based supplement
found a significant improvement in a list learning strict
task in the placebo group only, across time [25].

Seven of the nine total studies were deemed as having
a high methodological risk of bias [23, 25, 29-32, 40],
with the remaining two (using a form of Bacopa mon-
nieri) having some concerns [24, 39]. Five of the nine
studies reported adverse events, in both the placebo
and intervention groups (Ginkgo or Bacopa monnieri
interventions) [24, 25, 29, 31, 32]. An additional two
studies reported adverse events only occurring in the
intervention group using a Ginkgo biloba capsule [23] or
an antioxidant combination formula containing Bacopa
monnieri [39]. The most common events reported across
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6/7 studies were gastrointestinal issues (including nau-
sea, abdominal cramps, digestive problems) [24, 25, 31,
32] and sleep disturbance, with the use of Ginkgo biloba
[23] or placebo [29]. Exacerbation of sinusitis (n=1) and
a serious but short-term event of hepatitis E (n=1) were
reported as non-treatment-related adverse events in the
remaining study [39].

For the three remaining non-SCI studies, all reported
no significant improvements across time in cognitive
functioning (for both intervention and placebo groups),
nor between groups [27, 34, 36]. One study used a
Ginkgo tablet [36], one used a sweetened cranberry juice
[27] and the other used a liquid solution of SRM Salvia
officinalis L., Rosmarinus officinalis L. and Melissa offici-
nalis L. [34].

Adverse events were monitored in two of the three
studies; however, no events were reported in one (SRM
solution) [34], and the other study did not report serious
events or document mild/minor events (sweetened cran-
berry juice intervention) [27]. Two of the three studies
were deemed as having a high methodological risk of bias
[34, 36], and the remaining one had some concerns [27].

Discussion

Overall, twenty-one studies were identified for inclusion
in this review, nine with an SCI population [20-22, 26,
28, 33, 35, 37, 38] and twelve studies utilising older adults
without SCI [23-25, 27, 29-32, 34, 36, 39]. Outcomes
were mainly positive, with 14/21 studies overall report-
ing improvements in at least one area of cognitive func-
tioning across time, in the intervention group (compared
to placebo) [20, 21, 23, 24, 26, 28, 30-33, 35, 38-40].
Overall, only one study (using an SCI population) was
assessed as having a low methodological risk of report-
ing, conduct and quality of trial design bias [26]. Due to
the heterogeneous nature of eligible studies (including
cognitive measures and interventions used and the type
of data analysis and reporting conducted) and the large
number of studies (14/21) with a high methodological
risk of bias [21-23, 25, 29-32, 34-38, 40], a certainty of
evidence analysis (GRADE) was not conducted.

Extent of literature using herbal and nutritional medicines
for older adults with and without SCI

Despite the growing interest in the prevention and treat-
ment of cognitive decline in older adults [8, 9], review
search outcomes were not reflective of this interest, given
that most of the articles eligible for this review were con-
ducted prior to 2018. Editorials, book chapters, reviews
and opinion articles seem to be more common formats
of evidence, compared to research using the ‘gold stand-
ard’ method, randomised control trials (RCTs) [41, 42]

(Fig. 1).
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Measurement of cognitive change was not com-
mon in the literature; rather, relevant population stud-
ies focussed on biochemistry or progression to MCI or
dementia. This was an unexpected outcome during the
records search. Cognitive testing and assessment are
generally affordable and accessible methods of providing
insights into an individual’s current cognitive functioning
and any decline over time [43]. However, there are cur-
rently no recommendations for specific primary or sec-
ondary outcome measures of cognition to determine a
clinically significant improvement in cognitive function
[44]. It has recently been recommended that composite
outcomes including the monitoring of dementia risk fac-
tors alongside changes in cognition may be advantageous
in preclinical dementia [44].

For cognitive outcome measures, an effect size of 0.40
has been reported as a clinically meaningful improve-
ment for cognitive training interventions in healthy older
adults and those with MCI or dementia [45]. This could
be applied in studies utilising cognitive outcomes in peo-
ple with SCI to determine whether a change in cognitive
function is clinically meaningful, particularly in light of
potential ceiling effects in this relatively unimpaired
group. Future research should strive to investigate appro-
priate cognitive measures to detect a clinically significant
change in SCI and implement gold standard, high-quality
research methods to produce informative and transla-
tional outcomes.

Study characteristics
In terms of participant characteristics, across the twenty-
one studies, there were more females (61%) compared to
male participants. It is difficult to ascertain the true dif-
ference in the prevalence of SCI between the sexes, as
a larger number of females (rather than males) are par-
ticipating in these studies. Furthermore, inconsistencies
in reporting prevalence between the sexes are typical
in this field, again making it hard to determine whether
SCI affects more females or males [2]. However, research
within the area of cognitive decline suggests that females
have a greater cognitive reserve but have a faster rate of
cognitive decline (particularly, in the areas of global cog-
nition and executive function) compared to males [46].
This outcome has been confirmed in dementia research.
Dementia is reported to be the leading cause of death in
women, with twice as many females compared to males
being affected by the disease [47]. Further SCI prevalence
research needs to be conducted to determine the true
prevalence of SCI, between the sexes.

A high number of older adults reporting SCI are
within the 60—64 year age range [2], compared to studies
included in this review that saw an overall average age of
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65 years for participants. Sex and age outcomes derived
from this review highlight the importance of finding a
way to address low research participation in males and
monitoring the faster rate of female decline.

In terms of participant retention and adherence to
treatment, these were both surprisingly high across
the studies at an average of 92% and 93%, respectively,
despite the literature suggesting these figures are quite
difficult to achieve [48]. These outcomes should be con-
sidered with caution due to the subpar methodologies
used to treat missing values.

Study methodologies

Reflective on previous research, the eligibility criteria for
participation across the SCI and non-SCI studies were
inconsistent [8, 9], with varying scales, tests and ques-
tionnaires used, particularly for the MMSE [20-22, 25—
33, 35, 36, 38, 39]. Research investigating the diagnostic
accuracy (sensitivity, specificity, positive and negative
predictive power) of MMSE cut-off scores in detecting
cognitive dysfunction found that scores of <26 showed
optimal sensitivity and specificity balance, with a cor-
rect classification of MCI and dementia in older adults
to be 90% [49]. The varying MMSE cut-offs used here
(>20,>25 and <24) may have incorrectly classified par-
ticipants (with and without SCI), potentially impacting
the study outcomes. This interpretation is further sup-
ported by the identification of all eligible studies in this
review not using a combination of self-report cognitive
concerns (in line with the definition of SCI), cognitive
scales (such as the MMSE), a general health question-
naire (including non-diagnosis of MCI or dementia) and
screening of mental health conditions. Reliability on only
one or two measures for classification of an impairment
(or no impairment) is problematic and certainly requires
future attention within this area of clinical practice and
research.

An additional concern regarding the methodologies
of accepted studies in this review is the large number of
those deemed as having a high risk of bias, particularly
within the bias due to assignment and adherence domains
[21-23, 25, 29-32, 34-38, 40]. Either intention-to-treat
(ITT) or modified intention-to-treat (mITT) approaches
were not employed for participants with missing out-
comes or outlier data, with participants being excluded
completely from the analysis despite being randomised.
Future studies in this field should consider using appro-
priate analysis to treat missing or outlier data, for post-
randomisation outcomes as detailed above. The blinding
of participants and other individuals involved in the trial
was also identified as a concern. However, it is difficult to
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ascertain whether it was in fact the blinding process itself
that was not conducted appropriately in these studies or
if it was simply not reported sufficiently according to the
ROB assessment standards. Future studies should look to
adopting greater transparency and accuracy in the pro-
cess (specifically stating who was blinded and how), as
this would go a long way in demonstrating non-biassed
outcomes.

Intervention efficacy on cognitive function and safety
Despite the majority of studies reporting positive results
[20, 21, 23, 24, 26, 28, 30-33, 35, 38—40], a large number
of these were deemed as having an overall high meth-
odological risk of bias [21, 23, 30-32, 35, 38, 40]. These
methodological concerns unfortunately do not assist in
determining the true efficacy of herbal and nutritional
medicines on cognitive functioning for older adults with
and without SCI. This is particularly the case for Ginkgo
biloba [23, 25, 29-31, 36-38] and Bacopa monnieri [21,
24, 26, 32, 35, 39], given how common they were as inter-
ventions across the accepted studies of this review.

The efficacy of Ginkgo biloba has been consistently
unclear across the spectrum of cognitive decline. An ear-
lier review investigating RCTs using Ginkgo biloba for
the treatment of dementia [50] highlighted the concerns
around the low quality of studies available, namely to
do with utilisation of unsatisfactory methods. However,
on a positive note, adverse effects found with the use of
Ginkgo biloba (across the accepted studies in this review)
appeared to be consistent with those reported with the
use of a placebo [23, 29, 31, 38], indicating that Ginkgo
biloba may be comparable in terms of safety with placebo
intake. These results are in line with what has been found
previously in a dementia population [50].

Strengths and limitations of the review

This review had several strengths. A broad and exten-
sive literature search was conducted (in accordance with
the aims and PICOS criteria of the review), comprehen-
sively summarising the overall current state of the field.
The lack of high-quality research has been addressed,
highlighting the specific aspects which require improve-
ment in future studies. The concerns surrounding the
classification of SCI and the disparities between cur-
rent research outcomes and clinical statistics have been
presented.

There were a number of limitations to this review. First,
the establishment of article alerts from 2018 until the
completion of the review meant that despite the authors’
best efforts to monitor the addition of newly published
research in each database, it is acknowledged that alerts
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may not have been the most appropriate way to capture
all potential studies for inclusion. Furthermore, a meta-
analysis was not feasible due to the inconsistent clas-
sification of SCI and non-SCI samples and the varying
cognitive testing measures. The infancy of this area of
research (despite broad interest from the general public)
makes it difficult to conduct such an analysis at this time.
The population was difficult to define due to the inherent
heterogeneity of definitions and lack of consensus within
the field, particularly with reference to the age range
selected (despite being guided by the US CDC’s defini-
tion), and the terminology and language used (e.g. per-
son-centred terminology). It is also acknowledged that
the current review did not take into consideration the
varying terminology utilised to classify ‘older adults. The
exclusion of non-English language studies, the initial arti-
cle screening conducted by one reviewer and the search
strategy developed in consultation with only one librar-
ian were further limitations.

Recommendations for future research

First and foremost, an increased understanding and
awareness of the features and characteristics of SCI
needs to occur [8, 9]. This should be considered in col-
laboration with the difference between the presentation
of older adults without SCI and those with MCI, in line
with the cognitive decline continuum [2]. Future research
should aim at clarifying the characteristics, classification
measures and features of SCI to allow for more homo-
geneous sample classification. Overall, by better under-
standing of SCI, this may provide greater support for
outcomes in high-quality efficacy studies utilising herbal
and nutritional medicines as a means of managing self-
perceived (or subtle) cognitive decline and, ideally, lower-
ing dementia risk or facilitating the secondary prevention
of dementia.

The development of a standardised outcome measure
package (including cognitive testing, medical question-
naires, self-reports and mental health questionnaires)
for use in SCI clinical trials would be the next step in
moving the field forward. Increased accuracy in the dif-
ferentiation between healthy older adults (without SCI)
and those with SCI would assist in determining whether
herbal and nutritional medicines have a positive effect on
cognitive outcomes for this population.

Conclusions

Whilst most studies deemed eligible for inclusion in the
review found positive results (particularly, those that
used Ginkgo biloba or Bacopa monnieri), these out-
comes need to be considered with caution, due to the
high risk of methodological bias found. The literature in
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this area is in its infancy, with concerns around popula-
tion and intervention heterogeneity evident. The use
of supplements for cognition by older people is an area
that attracts much interest from the community, yet our
review shows that high-quality research on efficacy and
safety is somewhat lagging.

This review has provided an insight into the current
state and quality of the literature on the safety and effi-
cacy of cognitive function of herbal and nutritional medi-
cines in older adults with and without SCIL
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