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through chronic consumption of
natural compounds/extracts: a
systematic review and
meta-analysis of randomized
controlled trials

Long Ngo Hoang, Haesung Lee and Sook Jeong Lee*

Department of Bioactive Material Sciences and Research Centre of Bioactive Materials, Jeonbuk
National University, Jeonju, Jeonbuk-do, Republic of Korea

Introduction: This systematic review and meta-analysis aimed to compare the
efficacy of extended supplementation (>6 weeks) with natural compounds
or extracts in improving cognitive function in patients with mild cognitive
impairment (MCI) or Alzheimer's disease (AD).

Methods: A comprehensive literature search was conducted across Cochrane,
PubMed, PsycARTICLES, Scopus, and Web of Science databases from inception
to April 10, 2024. Eligible studies were randomized controlled trials evaluating
cognitive outcomes in patients with MCIl or AD using the Mini-Mental State
Examination (MMSE) and the Alzheimer’s Disease Assessment Scale-Cognitive
Subscale (ADAS-Cog).

Results: From an initial pool of 6,687 articles, 45 were deemed relevant for
qualitative analysis. Of these, 37 studies demonstrated improvements or
positive trends in cognitive outcomes with natural compound or extract
supplementation. A total of 35 studies met the criteria for meta-analysis. The
meta-analysis, involving 4,974 participants, revealed significant improvements
in ADAS-Cog scores (pooled standardized mean difference = —2.88, 95%
confidence interval [Cl]: -4.26 to -150; t,,=-4.31, p<0.01) following
supplementation. Additionally, a suggestive trend toward improvement in
MMSE scores was observed in a subgroup analysis of 1,717 participants (pooled
standardized mean difference = 0.76, 95% Cl: 0.06 to 146, tig = 2.27, p = 0.04).

Conclusion: These findings support the potential cognitive benefits of extended
(>6 weeks) supplementation with natural compounds or extracts in individuals
with MCI or AD. Further research is warranted to confirm these results and
elucidate the underlying mechanisms.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/.
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1 Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder that significantly affects individuals worldwide. It is
characterized by a gradual decline in cognitive abilities, manifesting
as memory loss, personality changes, and difficulties with daily
functioning (Katzman, 1993). Mild cognitive impairment (MCI),
often considered a precursor to AD, represents a stage of cognitive
decline that does not yet meet the diagnostic criteria for dementia
(Morris, 1997). With the global population aging, the prevalence of
both AD and MCI is projected to rise significantly (Deary et al., 2009),
posing critical challenges to healthcare systems and society at large.

The current treatment options for AD and MCI remain limited
(Long and Holtzman, 2019), driving growing interest in exploring
natural compounds and extracts as potential therapeutic interventions
(Andrade et al.,, 2019). Natural compounds derived from plants, fruits,
and vegetables have demonstrated promising properties, including
anti-inflammatory, anti-oxidant, and neuroprotective effects (Wang
et al, 2022). Recent studies have focused on elucidating the
mechanisms through which these compounds and extracts may
enhance cognitive function and provide neuroprotection against
degenerative processes (Andrade et al., 2019).

Examples of natural compounds extensively studied for their
neuroprotective effects include alkaloids, polyphenols, and terpenoids
(Jiang et al., 2017). Flavonoids such as quercetin (Dastmalchi et al.,
2008; Khan et al., 2019) and catechins (Ide et al., 2018) exhibit anti-
inflammatory and anti-oxidant properties that safeguard neurons from
oxidative stress and inflammation. Polyphenols, including resveratrol
(Lee et al., 2017; Sawda et al., 2017; Turner et al., 2015) and curcumin
(Hamaguchi et al., 2010; Ono et al., 2004; Rainey-Smith et al., 2016),
have shown potential in improving cognitive function and protecting
against neurodegeneration. Similarly, terpenoids such as ginsenosides
(Heo et al., 2012; Heo et al., 2016; Lee et al., 2008; Lee et al., 2022; Park
H. et al., 2019; Sheng et al,, 2015) have been reported to improve
memory and cognitive function through neuroprotective mechanisms.

Randomized controlled trials (RCTs) have assessed the efficacy of
natural compounds and extracts in improving cognitive function and
slowing the progression of AD and MCI (Akhondzadeh et al., 2003a,
2003b; Akhondzadeh et al., 2010a; Akhondzadeh et al., 2010b; Heo
et al,, 2012; Lee et al., 2008; Muangpaisan et al., 2022; Noguchi-
Shinohara et al., 2020; Tsolaki et al., 2016; Wang et al., 2018). Among
the most extensively investigated natural extracts are Ginkgo biloba
(DeKosky et al., 2008; Gauthier and Schlaefke, 2014; Herrschaft et al.,
2012; Hofferberth, 1994; Ihl et al., 2011; Kanowski and Hoerr, 2003;
Le Bars et al., 1997; Le Bars et al., 2000; Le Bars et al., 2002; Li et al.,
2023; Lopez et al., 2019; Maurer et al., 1997; Mazza et al., 2006;

Abbreviations: ADL, Activities of Daily Living; ADAS-cog, Alzheimer Disease
Cooperative Study-Activities of Daily Living Scale; AD, Alzheimer's disease; NINCDS-
ADRDA, Alzheimer's Disease and Related Disorders Association; CSF, Cerebrospinal
fluid; CDR, Clinical Dementia Rating; CGIC, Clinical Global Impression of Change;
CIBIC+, Clinician’s Interview-Based Impression of Change Plus; Cls, Confidence
intervals; DSM, Diagnostic and Statistical Manual of Mental Disorders; DHA,
Docosahexaenoic acid; EPA, Eicosapentaenoic acid; IADL, Instrumental Activities
of Daily Living; MCI, Mild cognitive impairment; MMSE, Mini Mental State
Examination; PRM, Prolonged-release melatonin; RCTs, Randomized controlled

trials; SDs, Standard deviations; SMD, Standardized mean difference.
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Schneider et al., 2005; Shi et al., 2010; Snitz et al., 2009) and Curcuma
longa (Baum et al.,, 2008; Obulesu and Rao, 2011; Ono et al., 2004;
Rainey-Smith et al.,, 2016). Both have demonstrated potential in
enhancing global cognitive function and protecting against
cognitive decline.

This systematic review and meta-analysis aim to synthesize the
current evidence from RCTs on the effects of natural compounds and
extracts on cognitive function in individuals with AD or MCI. By
evaluating their therapeutic potential, this study seeks to provide a
comprehensive overview of the current state of knowledge and assess
the feasibility of incorporating these natural agents into treatment
strategies for AD and MCL

2 Methods
2.1 Inclusion criteria
This study applied the population, intervention, comparator,

(PICOS)
(Supplementary Table S1) to establish the inclusion criteria for

outcome, and  study  design  framework
relevant studies. Eligible studies met the following criteria: (1) study
design: Randomized controlled trials including parallel or multi-arm
trials; (2) participants: Patients diagnosed with AD or cognitive
impairment according to established diagnostic criteria, such as the
Diagnostic and Statistical Manual of Mental Disorders (DSM), the
National Institute of Neurological and Communicative Disorders and
Stroke and the Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA), or the International Classification of Diseases
(ICD); (3) Intervention and control groups: An experimental group
receiving natural compounds or extracts, compared with a control
group receiving a placebo, equivalent, or standard treatment; (4)
Outcome measures: Cognitive outcomes assessed via the Mini-Mental
State Examination (MMSE) and/or the Alzheimer Disease
Cooperative Study-Activities of Daily Living Scale (ADAS-cog).
Exclusion criteria included studies that: (1) were derived from the
same trial; (2) Lacked analyzable data; (3) Were not available in full-
text format; (4) Were not published in English; (5) Combined multiple
natural compounds or extracts in the intervention.

2.2 Data sources

The systematic review followed guidelines outlined in the
Cochrane Handbook for Systematic Reviews of Interventions (version
6.3; Higgins et al., 2022) and the Centre for Reviews and Dissemination
(University of York, 2009). The study adhered to the preferred
reporting items for systematic reviews and meta-analysis framework
(PRISMA) (Supplementary Table S2; Moher et al., 2009). The review
protocol was registered in International prospective register of
systematic reviews (PROSPERO) under registration number
CRD42022369293. A systematic search was conducted across
Cochrane, PubMed, PsycARTICLES, Scopus, and Web of Science
databases from inception to April 10, 2024. The search strategy
included the following terms: (Alzheimer’s disease OR Alzheimer
dementia) AND (natural OR compound OR flower OR plant OR
extract* OR powder OR oil) AND (cognition OR cognitive function
OR cognit*).
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2.3 Study selection

Two independent reviewers screened articles for eligibility using
EndNote X9 for reference management. First, titles and abstract were
screened for relevance. Full texts of potentially eligible studies were
then reviewed. Reference lists from included studies and relevant
systematic reviews were also hand-searched to identify additional
eligible articles.

2.4 Risk of bias and quality assessment

The risk of bias was assessed using the Cochrane Risk of Bias
tool (RoB2), which evaluates aspects such as randomization,
deviations from intended interventions, missing outcome data,
outcome measurement, and selective reporting (Slerne et al.,
2019). Studies were categorized as having low risk, some concerns,
or high risk of bias. When applicable, funnel plots and Egger’s test
(Egger et al., 1997) were employed to evaluate potential
publication bias.

2.5 Data collection

A standardized form was used to extract the following data:
Publication information (authors, title, year); Study characteristics
(design and number of participants); Participant characteristics (drug
type, dosage, and duration of intervention); Cognitive outcomes
(mean values and standard deviations for MMSE and ADAS-cog
scores). When data were presented as means with 95% confidence
intervals (CIs) or as medians with interquartile ranges, these were
converted into means and standard deviations (SDs) using methods
from the Cochrane Handbook (Chapter 6.5.2; Higgins et al., 2022) or
Wan et al’s formulas (Wan et al., 2014).

2.6 Data synthesis

Pooled data were analyzed using R (version 4.3.3) with the “meta”
package. For long-term studies (> 6 weeks), endpoint and baseline
data were used to calculate mean differences for intervention and
control groups. Results were presented in forest plots as weighted
mean differences or standardized mean differences (SMDs) with 95%
ClIs and two-sided p values. Subgroup analyses were conducted to
explore variations in study designs and characteristics.

Global cognitive outcomes were evaluated using: (a) MMSE,
scores range from 0 to 30, with higher scores indicating better
cognition; and (b) ADAS-cog, scores range from 0 to 70, with higher
scores indicating greater cognitive impairment. Effect sizes were
calculated as Hedges’ g, classified as very small (< 0.2), small (0.2-0.5),
moderate (0.5-0.8), and large (> 0.8; Hedges, 2009). The Hartung-
Knapp-Sidik-Jonkman random-effects model was used to account for
heterogeneity in treatment effects (Inthout et al., 2014).

Statistical heterogeneity was assessed using the chi-squared (y?)
test and P statistic. I’ value >50% indicated moderate heterogeneity,
while values between 75 and 100% suggested substantial heterogeneity
(Higgins et al, 2003). Sensitivity analyses were performed by
systematically excluding studies to identify potential outliers
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influencing the overall effect size. Statistical significance was set at
P < 0.05 for all analyses.

3 Results
3.1 Literature search

The study selection process is illustrated in Figure 1, adhering to
PRISMA guidelines (Moher et al., 2009). A comprehensive search
across five databases yielded 6,687 articles, supplemented by 55
additional articles identified through manual searches of reference
lists from relevant studies. After the removal of duplicates, 5,491
articles remained. Of these, 5,393 were excluded for not being human
intervention studies, randomized controlled trials or for only having
abstract-level information available. Following the screening of titles
and abstracts, 98 articles evaluating cognitive function were shortlisted
for full-text review. Subsequently, 53 articles were excluded due to not
meeting inclusion criteria. Ultimately, 45 trials were included in the
qualitative review, of which 35 provided sufficient data for
meta-analysis.

3.2 Qualitative analysis and study
characteristics

The systematic review incorporated 45 studies, with a detailed
summary provided in Table 1. These studies addressed various
dimensions, including study quality, sample size, participant
characteristics (e.g., health status, diagnostic criteria), intervention
types, dosages, durations, cognitive assessment measures, and key
outcome metrics.

The total sample size across the included studies was 8,532
participants, with a mean age of 72 years. Among these studies, 31
focused on older adults clinically diagnosed with mild to moderate
Alzheimer’s disease (AD) based on established diagnostic criteria such
as NINCDS-ADRDA, DSM-III, or DSM-1V (e.g., Akhondzadeh et al.,
2003a, 2003b; Akhondzadeh et al., 2010a; Akhondzadeh et al., 2010b;
Fernando et al., 2023; Freund-Levi et al., 2008; Herrschaft et al., 2012;
Hofferberth, 1994; Thl et al., 2011; Le Bars et al., 1997; Le Bars et al.,
2002; Maurer et al., 1997; Mazza et al., 2006; Muangpaisan et al., 2022;
Noguchi-Shinohara et al., 2020; Quinn et al., 2010; Rafii et al., 2011;
Rasi Marzabadi et al., 2022; Schneider et al., 2005; Thal et al., 1999;
Turner et al,, 2015; van et al., 2000; Wade et al., 2014; Wang et al., 2018;
Xu et al, 2012). Two studies investigated vascular dementia
(Erkinjuntti et al., 2002; Xu et al., 2012), and two other examined AD
with comorbid neuropsychiatric symptoms (Herrschaft et al., 2012;
Ihletal, 2011). Additional studies addressed participants with multi-
infarct dementia (Le Bars et al., 1997; Le Bars et al.,, 2002) or
concurrent use of acetylcholinesterase inhibitors (AChEIs) (Freund-
Levi et al., 2008). Twelve studies specifically targeted older adults with
MCI (e.g., Boespflug et al., 2018; Calapai et al., 2017; Chatzikostopoulos
etal., 2024; Kaddoumi et al., 2022; Lee et al., 2017; Lee et al., 2013; Lee
et al., 2020; Noguchi-Shinohara et al., 2023; Park H. et al., 2019; Shin
et al., 2009; Tsolaki et al., 2016; Tsolaki et al., 2020; You et al., 2021),
and one study focused on amnestic and multi-domain MCI (Tsolaki
et al., 2016). Two studies exclusively addressed participants with
moderate-to-severe AD (Farlow et al., 2019; Farokhnia et al., 2014).
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FIGURE 1
PRISMA flow diagram for study selection.

Review, Results Analysis or Report N = 6

Full-text articles excluded with reasons
(N = 38)

26 Not AD/Dementia/MCI, no ADAS-Cog or
MMSE outcome

11 Protolcol

The interventions in the reviewed studies had an average duration
of 27 weeks, ranging from 6 to 96 weeks, and predominantly utilized
natural extracts. These extracts included Cocos nucifera (N=1;
Fernando et al., 2023), Cosmos caudatus (N =1; You et al., 2021),
Crocus sativus L. (N = 5; Akhondzadeh et al., 2010a, Akhondzadeh
et al., 2010b; Farokhnia et al., 2014; Rasi Marzabadi et al., 2022; Tsolaki
etal, 2016), Ganoderma lucidum (N = 1; Wang et al., 2018), Garcinia
mangostana L. (N =1; Muangpaisan et al., 2022), Ginkgo biloba
(N = 8; Herrschaft et al., 2012; Hofferberth, 1994; Ihl et al., 2011; Le
Bars et al., 1997; Le Bars et al., 2002; Maurer et al., 1997; Mazza et al.,
2006; Schneider et al., 2005), Melissa officinalis (N = 3; Akhondzadeh
et al.,, 2003a; Noguchi-Shinohara et al., 2023; Noguchi-Shinohara
et al., 2020), Olea europaea L. (N = 2; Kaddoumi et al., 2022; Tsolaki
et al,, 2020), Panax ginseng (N = 1; Park H. et al., 2019), Polygala
tenuifolia Willdenow (N = 1; Shin et al., 2009), Punica granatum
(N = 1; Chatzikostopoulos et al., 2024), Salicornia europaea L. (N = 1;
Lee etal., 2020), Salvia officinalis (N = 1; Akhondzadeh et al., 2003b),
Vitis vinifera (N = 2; Calapai et al., 2017; Lee et al., 2017), Vaccinium
ashei, and Vaccinium corymbosum L. (N = 1; Boespflug et al., 2018).
These supplements were administered orally, primarily in the form of
capsule powders, capsule liquids, or liquid solutions, as detailed in
Table 1. The concentration of the natural extracts varied significantly
across studies. Specifically, Cocus nucifera was administered at a
dosage of 30 mL per day, Cosmos caudatus at 500 mg/day, and Crocus
sativus L. at 30 mg/day. Ganoderma lucidum was provided at 1 g/day,
while Garcinia mangostana L. dosage ranged from 220 to 560 mg/day
depending on body weight. For Ginkgo biloba, the standardized
Ginkgo biloba extract (EGb) 761 was administered in dosages ranging
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from 80 mg/day to 240 mg/day, typically at 120 or 240 mg/day. Punica
granatum was given as 5 drops of seed oil daily. The administration of
Melissa officinalis varied among studies: Noguchi-Shinohara et al.
(2023), Noguchi-Shinohara et al. (2020) provided capsule powder
containing at least 500 mg of rosmarinic acid per capsule, whereas
Akhondzadeh et al. (2003a) offered a liquid solution with a
concentration sufficient to provide at least 500 pg of citral per
milliliter. The administration protocols for Olea europaea L. also
differed between studies. Kaddoumi et al. (2022) supplemented
participants with 30 mL/day of extra-virgin oil compared to refined
olive oil at the same dosage. In contrast, Tsolaki et al. (2020)
supplemented participants with high phenolic early extra-virgin olive
oil or moderate phenolic oil at 50 mL/day, comparing these
interventions to a Mediterranean diet. Panax ginseng was supplied in
powder from at a dosage of 3 g/day, Polygala tenuifolia Willdenow
(root extract powder designated as BT-11) at 300 mg/day, and
Salicornia europaea at 600 mg/day. Salvia officinalis was administered
as a liquid solution. Vitis vinifera was provided as powders at dosages
of 250 mg/day (Calapai et al., 2017) and 72 g/day (Lee et al., 2017).
Lastly, a combination of Vaccinium ashei Reade and Vaccinium
corymbosum L. was administered in a 1:1 ratio at a daily dose of 25 g
(Boespflug et al., 2018).

In addition to these natural extracts, fifteen studies supplemented
participants with other natural compounds, including Bryostatin
(N = 1; Farlow et al., 2019), Docosahexaenoic acid (DHA) (N = 3;
Freund-Levi et al., 2008; Lee et al., 2013; Quinn et al., 2010), Huperzine
A (N =2; Rafii et al,, 2011; Xu et al., 2012), Melatonin (N = 1; Wade
etal., 2014), Physostigmine (N = 2; Thal et al., 1999; van et al., 2000),
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TABLE 1 Summary of interventions assessing the effects of natural compounds/extracts on cognition.

References

Country

Sample (Number of

subjects, mean age (years),
male (%), health status)

Intervention type, dose, and
duration

Cognitive tasks

Outcome

Wade et al. (2014) UK/USA RCT, double- N = 80; 75; male 50%; Mild-Moderate Add-on prolonged-release melatonin 2 mg or | ADAS-cog, MMSE, IADL, Safe and well tolerated; Improvement of IADL,
blind AD? placebo, 24 weeks PSQI, CGI, NPI, WHO-5, MMSE, PSQI; No significant improvement of
SDI ADAS-Cog
Kaddoumi et al. (2022) USA RCT, double- N = 25; 66; male 30%; MCI (WMS-1V) Extra-virgin olive oil 30 mL/day, refined olive | MMSE, CDR Improvement of CDR. Enhances brain
blind oil 30 mL/day, 26 weeks connectivity and reduces BBB permeability.
Hofferberth (1994) Germany RCT, double- N = 40; 63; male 50%; Dementia/AD* Ginkgo biloba 80 mg or placebo daily, SKT, SCAG, Saccade Test Safe and well tolerated; Improvement of SKT
blind 12 weeks and Saccade Test
van et al. (2000) USA RCT, double- N = 176; 72; male 45%; Mild-Moderate Physostigmine 24 or 30 mg/day or placebo, MMSE, ADAS-cog, CGIC, Improvement of ADAS-cog, and CIBIC+. No
blind AD: (NINCDS-ADRDA) 12 weeks IADL, CIBIC+ significant improvement of MMSE, CGIC, and
TADL. Adverse events: nausea and vomiting
47.0% of all physostigmine-treated subjects
Boespflug et al. (2018) USA RCT, double- N = 16; 78; male 54%; MCI (NINCDS- 25 g 50% Vaccinium ashei Reade, 50% MoCA, VLT, GAS, GAI Improvement of blood oxygen level-
blind ADRDA) Vaccinium corymbosum L. or placebo, dependence; no clear indication of working
16 weeks memory enhancement
Calapai et al. (2017) Italy RCT, double- N = 111; 66; male 48%; MCI* Vitis vinifera powder 250 mg/day or placebo, MMSE, RBANS Improvement of MMSE and RBANS
blind 12 weeks
Wilcock et al. (2000) Europe/Canada RCT, double- N = 653; 72; male 37%; Mild-Moderate Galantamine 24, 32 mg or placebo daily, ADAS-cog Improvement of ADAS-cog
blind AD (NINCDS-ADRDA) 26 weeks
Herrschaft et al. (2012) Germany RCT, double- N = 410; 65; male 30%; Mild-Moderate EGb 240 mg or placebo daily, 24 weeks ADCS-ADL CGIC, SKT, Safe; Improvement of SKT and NPI
blind AD with neuropsychiatric (NINCDS- NPI, DEMQOL-Proxy,
ADRDA) VFT
Quinn et al. (2010) USA RCT, double- N = 402; 76; male 48%; Mild-Moderate Algal DHA 2 g/d or placebo, 78 weeks ADAS-cog, MMSE, CDR, No improvement of ADAS-cog and CDR
blind AD® NPI, ADCS-ADL
Lee et al. (2017) USA RCT, double- N = 10; 72; male 50%; MCI* Vitis vinifera 72 g/day or placebo, 26 weeks ADAS-cog, MMSE, VLT, No improvement in cognitive measures;
blind WCST, WAIS-III, WATR, Maintains cerebral metabolism; Delays decline
CFT in left prefrontal, cingulate, and left superior
posterolateral temporal cortex
Maurer et al. (1997) Germany RCT, double- N = 20; 68; male 50%; Mild-Moderate EGb 240 mg/day or placebo, 12 weeks SKT, ADAS-cog, ADAS- Improvement of cognitive functions
blind AD (DSM-III-R) noncog, CGI (item 2)
Rockwood et al. (2001) UK/USA/Canada | RCT, double- N = 386; 75; male 64%; Mild—-Moderate Dose escalation of galantamine from 8 to 24— ADAS-cog, CIBIC+, ADL Improvement in cognitive measures
blind AD (NINCDS-ADRDA) 32 mg (individual case) or placebo daily,
12 weeks
Park H. et al. (2019) South Korea RCT, double- N = 90; 61; male 33.3%; MCI (Petersen Panax ginseng powder 3 g/day or placebo, MMSE, IADL, LVT, RCFT Safe; Improvement of RCFT and RCFT 20-min
blind criteria) 24 weeks delayed recall

(Continued)
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TABLE 1 (Continued)

References

Country

Sample (Number of

subjects, mean age (years),
male (%), health status)

Intervention type, dose, and
duration

Cognitive tasks

Outcome

Shin et al. (2009) South Korea RCT, double- N = 58; 67; male 18%; MCI* Polygala tenuifolia Willdenow extract (BT-11) | MMSE, CERAD Improvement of CERAD
blind 300 mg or placebo daily, 8 weeks
Lee et al. (2020) South Korea RCT, double- N = 53; 60; male 23%; Subjective/MCI* PhytoMeal (desalted Salicornia europaea L.)- ADAS-cog Safe; Improvement of frontal executive function
blind ethanol extract 600 mg or placebo daily, in the patients with MCIL.
12 weeks
Thal et al. (1999) USA RCT, double- N = 475; 72; male 45%; Mild-Moderate Controlled release physostigmine 30 or 36 mg | ADAS-cog, CIBIC, CGIC Improvement of ADAS-cog and CIBIC+; No
blind AD (NINCDS-ADRDA) or placebo daily, 24 weeks significant difference on CGIC; Adverse events:
nausea, vomiting, diarrhea, anorexia, dyspepsia,
and abdominal pain
Lee et al. (2013) Malaysia RCT, double- N = 36; 66; male 20%; MCI* DHA 1.3 g or 0.45 g eicosapentaenoic acid MMSE, CDT, GDS, RAVLT, | Safe and well tolerated; Improvement in short-
blind (EPA) placebo, 52 weeks VR, WMS-R term, working memory, immediate verbal
memory, and delayed recall capability.
Rasi Marzabadi et al. Iran RCT, double- N = 60; 75; male 22%; Mild-Moderate Crocus sativus L. 30 mg/day or donepezil MMSE No significant difference between two groups;
(2022) blind AD (NINCDS-ADRDA) 30 mg/day, 12 weeks Reduce inflammation and oxidative stress in
treatment group
Schneider et al. (2005) USA RCT, double- N = 410; 68; male 46%; Dementia Ginkgo biloba extract 120 mg or 240 mg, or ADAS-cog Improvement in subgroup of patients with
blind (NINCDS-ADRDA) placebo daily, 26 weeks. neuropsychiatric symptoms
Farokhnia et al. (2014) Iran RCT, double- N = 64; 77; male 55%; Moderate-Severe Crocus sativus L. 30 mg/day or memantine MMSE, SCIRS, FAST No significant difference between two groups
blind AD (DSM-1V) 20 mg/day, 52 weeks
Raskind et al. (2000) USA RCT, double- N = 636; 75; male 38%; Mild-Moderate Galantamine from 24, 32 mg or placebo daily, | ADAS-cog, CIBIC+ Improvement in cognitive measures
blind AD (NINCDS-ADRDA) 26 weeks
Mazza et al. (2006) Italy RCT, double- N = 76; 68; male 46%; Mild-Moderate Ginkgo biloba 160 mg/day, donepezil 5 mg/ MMSE, SKT, CGI (item 2) Improved cognitive function; No differences in
blind dementia (DSM-IV) day or placebo, 24 weeks the efficacy of EGb 761 and donepezil
Farlow et al. (2019) USA RCT, double- N = 141; 71; male 49%; Moderate-Severe | 7 intravenous infusion (45 + 5min) doses of SIB Safe; Improvement of SIB
blind AD* Bryostatin 24 pg, 48 pg, first 2 doses (week 0,
and 1), and 20 pg, 40 pg last 5 doses (week 3,
5,7,9,and 11), or placebo, 12 weeks
Rafii et al. (2011) USA RCT, double- N = 210; 72; male 45%; Mild-Moderate Huperzine A 200 pg or 400 pg or placebo ADAS-cog, MMSE, NPI No improvement of ADAS-cog (200 pg);
blind AD (NINCDS-ADRDA) daily, 16 weeks Improvement of ADAS-cog (400 pg)
Noguchi-Shinohara Japan RCT, double- N = 23; 72; male 52.17%; Mild AD (NIA- | Melissa officinalis one capsule (500 mg ADAS-cog, MMSE, CDR, No improvement in cognitive measures;
et al. (2020) blind AA) rosmarinic acid) or placebo daily, 24 weeks DAD, NPI-Q Improvement of NPI-Q
Noguchi-Shinohara Japan RCT, double- N = 323; 71; male 45%; Subjective/MCI Melissa officinalis one capsule (500 mg ADAS-cog, MMSE, CDR- No improvement in cognitive measures; May
etal. (2023) blind (DSM-V) rosmarinic acid) or placebo daily, 96 weeks SB help prevent cognitive decline in older adults

without hypertension
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TABLE 1 (Continued)

References

Country

Sample (Number of

subjects, mean age (years),
male (%), health status)

Intervention type, dose, and
duration

Cognitive tasks

Outcome

50 mL/day, Mediterranean Diet, 52 weeks

Le Bars et al. (1997) USA RCT, double- N = 327; 68; male 46%; AD and multi- EGb 120 mg/day or placebo, 52 weeks ADAS-cog, GERRI, CGIC Improvement of ADAS-cog and GERRI
blind infarct dementia (DSM-III-R)
Le Bars et al. (2002) USA RCT, double- N = 236; 68; male 42%; AD and multi- EGb 120 mg/day or placebo, 52 weeks ADAS-cog, GERRI Improvement of ADAS-cog and GERRI
blind infarct dementia (DSM-III-R)
Tariot et al. (2000) USA RCT, double- N = 978; 77; male 64%; Mild/Moderate Galantamine of 8, 16, 24 mg or placebo daily, | ADAS-cog, CIBIC+ Improvement in cognitive measures
blind AD (NINCDS-ADRDA) 22 weeks
Ihl et al. (2011) Germany RCT, double- N = 410; 65; male 32%; Mild-Moderate EGDb 240 mg or placebo daily, 24 weeks ADCS-ADL CGIC, SKT, Improvement of SKT and NPI
blind AD with neuropsychiatric (NINCDS- NPI, DEMQOL-Proxy,
ADRDA) Verbal Fluency Test
Turner et al. (2015) USA RCT, double- N = 119; 71; male 54%; Mild-Moderate 500 mg (QAM), 1,000 mg (500 mg BID), MMSE, CDR, ADAS-cog, Safe and well tolerated; No significant difference
blind AD (NINCDS-ADRDA) 1,500 mg (1,000 mg QAM, 500 mg QPM), NPI in cognitive measures between groups
2000 mg (1,000 mg BID) Resveratrol
dose escalation every 13 weeks or placebo,
52 weeks.
Akhondzadeh et al. Iran RCT, double- N = 35; 73; male 57% Mild-Moderate Melissa officinalis (at least 500 mg citral/ml) ADAS-cog, CDR-SB Safe; Improvement of ADAS-cog, CDR-SB
(2003a) blind AD (NINCDS-ADRDA) criteria extract 60 drops/day or placebo 60 drops/day;
16 weeks
Akhondzadeh et al. Iran RCT, double- N = 30; 72; male 61%; Mild-Moderate Salvia officinalis extract 60 drops / day or ADAS-cog, CDR-SB Safe; Improvement of ADAS-cog, and CDR-SB
(2003b) blind, AD (NINCDS-ADRDA) placebo drop 60 drops / day, 16 weeks
Akhondzadeh et al. Iran RCT, double- N = 44; 72; male 54%; Mild-Moderate Capsule Crocus sativus L. (Saffron) 30 mg / ADAS-Cog, CDR-SB Safe; Improvement of ADAS-cog, and CDR-SD
(2010a) blind AD (DSM-IV and NINCDS-ADRDA) day (15 mg twice per day) or capsule of
placebo (two capsules per day); 16 weeks
Akhondzadeh et al. Iran RCT, double- N = 54; 73; Mild-Moderate AD (DSM- Crocus sativus 30 mg or donepezil 10 mg ADAS-cog, CDR-SB No significant difference in cognitive measures
(2010b) blind IV and NINCDS-ADRDA) daily, 22 weeks between groups; Adverse event: vomiting in
donepezil group
Erkinjuntti et al. (2002) Finland RCT, double- N = 592; 75; male 53%; Mild-Moderate Galantamine 24 mg or placebo daily, 26 weeks | ADAS-cog, CIBIC+ Improvement in cognitive measures
blind vascular Dementia (NINCDS-ADRDA
and NINDS-AIREN)
Tsolaki et al. (2016) Greece RCT, single- N = 35; 70; male 25%; amnesic and multi = Crocus sativus, 52 weeks® GDS, FRSSD, NPI, MoCA, Improvement of MMSE
blind domain MCI (Petersen and Winblad MMSE
criteria)
Tsolaki et al. (2020) Greece RCT, double- N = 50; 69; male 30%; MCI Greek High Phenolic Early Harvest Extra MMSE, ADAS-cog Improvement in cognitive function
blind (Petersen criteria) Virgin Olive Oil 50 mL/day, Moderate Phenolic
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TABLE 1 (Continued)

References

Country

Sample (Number of

subjects, mean age (years),
male (%), health status)

Intervention type, dose, and
duration

Cognitive tasks

Outcome

Muangpaisan et al. Thailand RCT, double- N =102; 77; male 31%; AD (DSM-IV- Mangosteen pericarp 4 to 8 mg/kg, 220 mg (< | ADAS-cog, ADCS-ADL, Safe and well tolerated; Improvement of ADAS-
(2022) blind TR and NINCDS-ADRDA) 55 kg), 24 weeks; 280 mg (> 55 kg), first NPI-Q, CDR-SB cog (low-dose); Reduced oxidative stress
12 weeks, and 560 mg, last 12 weeks, or
placebo daily, 24 weeks
Wang et al. (2018) China RCT! N = 42; 75; male 30%; AD (NINCDS- Spore Powder of Ganoderma Lucidum ADAS-cog, WHOQOL- Safe and well tolerated; No improvement in
ADRDA) (SPGL); 4 capsules of 1,000 mg (250 mg/ BREF, NPI cognitive measures
capsule) or placebo each time, 3 times daily,
and 7 days weekly for a total of 6 weeks
Freund-Levi et al. (2008) | Sweden RCT, double- N = 204; 74; male 55%; AD with AChEIs | 1.7 g DHA and 0.6 g EPA or placebo daily, NPIL, DAD, MADRS Improvement of NPI in APOE4 carriers and of
blind treatment (DSM-IV) 26 weeks MADRS in non-APOE4 carriers
You et al. (2021) Malaysia RCT, double- N = 48; range 60 to 75; MCI (Petersen Cosmos caudatus 500 mg or placebo, daily, MMSE Improvement of MMSE
blind criteria) 12 weeks
Xu et al. (2012) China RCT, double- N = 78; 72; male 65%; Mild—-Moderate Huperzine A 0.1 mg (BID) or placebo MMSE, CDR, ADL Improvement in cognitive measures
blind vascular Dementia (DSM-IVR and (Vitamin C 100 mg BID), 12 weeks
NINDS-AIREN)
Chatzikostopoulos etal. | Greece RCT* N = 80; 69; male 44%; MCI (DSM-V) 5 drops of Pomegranate Seed Oil or MMSE, MoCA, RAVLT, Improvement of ADAS-cog, RAVLT and TMT B
(2024) Mediterranean Diet, 52 weeks ROCFT, ADAS-cog, TMT
B, FUCAS
Fernando et al. (2023) Sri Lanka RCT, double- N = 84; 73; male 34%; Mild-Moderate 30 mL Virgin Coconut oil or Canola oil MMSE, CLOX No significant differences in cognitive scores.
blind AD (NINCDS/ADRDA) (Control) daily, 24 weeks MMSE scores improved among APOE g4

carriers.

ADAS-Cog, Alzheimer’s Disease Assessment Scale-Cognitive Subscale; ADAS-noncog, Alzheimer’s Disease Assessment Scale-Noncognitive Subscale; ADCS-ADL, Alzheimer’s Disease Cooperative Study Activities of Daily Living Inventory 23 - item Scale; CDR-SB,
Clinical Dementia Rating Scale — Sums of Boxes; CDR, Clinical Dementia Rating, CDT, Clock Drawing Test; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease Assessment Packet; CFT, Category Fluency Test; CGI (item 2), Clinical Global
Impression; CGIC, Clinical Global Impression of Change; CIBIC, Clinician Interview-Based Impression of Change with Caregiver Input; CLOX, Clock Drawing Task; DAD, Disability Assessment for Dementia; DEMQOL, Dementia Quality of Life; FAST, Functional
Assessment Staging; FRSSD, Functional Rating Scale of Symptoms of Dementia; FUCAS, Functional Cognitive Assessment Scale; GAI, Geriatric Anxiety Inventory; GDS, Geriatric Depression Scale; GERRI, Geriatric Evaluation by Relative’s Rating Instrument; IADL,
Instrumental Activities of Daily Living; MADRS, Montgomery-Asberg Depression Rating Scale; MCI, Mild Cognitive Impairment; MMSE, Mini Mental State Examination; MoCA, Montreal Cognitive Assessment; NIA-AA, National Institute on Aging - Alzheimer’s
Association Workgroup; NPI, Neuropsychiatric Inventory; PSQI, Pittsburgh Sleep Quality Index; RAVLT, Rey Auditory Verbal Learning Test; RBANS, Repeatable Battery for the Assessment of Neuropsychological Status; RCFT, Rey Complex Figure Test; SCAG, Sandoz
Clinical Assessment - Geriatric; ROCFT, Rey-Osterrieth Complex Figure Test; SCIRS, Severe Cognitive Impairment Rating Scale; SDI, Sleep Disorders Inventory; SIB, Severe Impairment Battery; SKT, Syndrom Kurz test; TMT B, Trail Making Test Part B; VFT, Verbal
Fluency Test; VLT, Verbal Learning Test; VR, visual reproduction; WAIS-III, Wechsler Adult Intelligence Scale - III; WATR, Wechsler Test of Adult Reading; WCST-64, Wisconsin Card Sorting Test - 64; WHO-5, World Health Organization 5 Well-Being Index;
WHOQOL-BREE, World Health Organization Quality of Life questionnaire; WMS-IV, Memory Scale Fourth Edition; WMS-R, Wechsler Memory Scale - Revised.
* Diagnosed, hospitalized, nursing, or cognitive deficit and/or personality change present for at least 6 months, as observable by a physician and/or close contact of the patient, in combination with MMSE, SKT, or CERAD.

b Recruited through ADCS.
¢ Dosage not specified.

4 Blind procedure not reported.
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Galantamine (N = 5; Erkinjuntti et al., 2002; Raskind et al., 20005
Rockwood et al., 2001; Tariot et al., 2000; Wilcock et al., 2000), and
Resveratrol (N = 1; Turner et al., 2015). Bryostatin was intravenously
infused seven times over a 12-week period, with dosages of either
24 pg twice and 20 pg five times or 48 pg twice and 40 pg five times,
45+ 5min. For DHA
supplementation, Quinn et al. (2010) used algae-derived DHA

and the mean infusion time was
without eicosapentaenoic acid (EPA) at 2 g/day, whereas Lee et al.
(2013) and Freund-Levi et al. (2008) utilized fish-derived DHA
containing EPA, supplementing participants with 1.3 g DHA plus
0.45 g EPA/day and 1.7 g DHA pluls 0.6 g EPA/day, respectively.

Huperzine A was administered at dosages of 0.1 mg, 0.2 mg, or
0.4 mg/day. Galantamine dosages ranged from 8 mg to 32 mg/day,
with 24 mg/day being the most frequently used dosage. Resveratrol
was administered with an escalating dosage ranging from 500 mg to
2,000 mg/day.

All studies included in the analysis employed a RCT design.
Among these, one study implemented a single-blind procedure
(Tsolaki et al., 2016), and two studies did not report a blinding
procedure (Chatzikostopoulos et al., 2024; Wang et al., 2018). The
remaining studies were conducted with double-blinding. Most studies
adhered to well-designed case-control methodologies in accordance
with predefined inclusion criteria and provided comprehensive
descriptions of their objectives, definitions, and methodologies.

While all studies aimed to investigate the effects of natural
compounds or extracts on cognitive health, there were variations in
the selection of control groups. Specifically, 37 studies utilized

10.3389/fnagi.2024.1531278

isoenergetic placebos as the control intervention, whereas four studies
employed commonly prescribed drugs. For instance, Rasi Marzabadi
etal. (2022), Akhondzadeh et al. (2010a), and Mazza et al. (2006) used
donepezil as the control intervention to compare its effects with those
of Crocus sativus or Ginkgo biloba extract. Farokhnia et al. (2014) used
memantine as the control intervention to compare its effects with
Crocus sativus L. One study on Olea europaea L. (Kaddoumi et al.,
2022) used refined olive oil as the control to compare with extra-virgin
olive oil, while other studies on Olea europaea L. and Punica granatum
employed the Mediterranean diet as the control intervention
(Chatzikostopoulos et al., 2024; Tsolaki et al., 2020). Additionally,
Fernando et al. (2023) utilized canola oil as the control intervention
to compare its effects with those of virgin coconut oil. These
methodological considerations, including blinding procedures and the
selection of appropriate control groups, were meticulously
implemented to ensure the robustness and validity of the findings
regarding the impact of natural compounds and extracts on
cognitive health.

3.3 Study quality

The quality of the included RCTs was assessed using the Cochrane
Risk of Bias tool. Of the 35 studies included in the meta-analysis, 25
exhibited a low risk of bias in randomization, 8 raised some concerns,
and 1 was rated as high risk (Figure 2). Deviation from intended
interventions showed low risk in 31 studies, while 4 raised concerns.
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FIGURE 2

Bias arising from the randomization process [I—— 1
Bias due to deviations from intended interventions _:l

Bias due to missing outcome data _:l
Bias in measurement of the outcome _:l
Bias in selection of the reported result [N
Overall risk of bias _:-

0% 25% 50% 75% 100%

| B owris [ someconcerns [l Highrisk |

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Risk of bias evaluation using Cochrane ROB2. Illustration (A) presents the outcomes of bias assessment as per the Cochrane framework, while
lllustration (B) summarizes these findings. RoB2, Revised Cochrane risk-of-bias tool for RCTs.
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Regarding missing outcome data, 27 studies were rated as low risk and
9 as having some concerns. Outcome measurement risk was low in 25
studies, with 10 raising concerns. Finally, selection bias for reported
results was rated low in 24 studies, with 8 raising some concerns and
3 being high risk.

Overall, 18 studies were deemed to have low risk, 13 presented
some concerns, and 4 demonstrated high risk of bias (Figure 2). These
assessments provided a robust foundation for interpreting the results
of the meta-analysis.

3.4 Key results from the studies
encompassed in the systematic review

Table 1 displays all 45 studies included in the cognitive analysis.
Of these, 34 studies reported trends toward cognitive improvement
with supplement use, four studies found no significant differences
between supplements and commonly prescribed drugs (donepezil,
memantine), and seven studies observed no improvement in
cognitive measures.

3.4.1 Primary findings from studies on natural
extracts

Fernando et al. (2023) conducted a 24-week study involving
patients with MCI who received 30 mL of virgin coconut oil (VCO)
daily. While overall supplementation with VCO did not result in
significant cognitive improvements, patients carrying the APOE €4
allele exhibited enhanced MMSE scores compared to controls. The
intervention was deemed safe, as lipid profiles and glycated
hemoglobin levels remained stable. Similarly, administration of
Cosmos caudatus for 12 weeks led to significant enhancements in
cognitive and mood-related outcomes, including MMSE scores,
tension, mood disturbance, and malondialdehyde levels. However,
You et al. (2021) noted that the short duration and poor
bioavailability of flavonoids might limit the biochemical effects of
Cosmos caudatus.

Several studies on Crocus sativus L. (also known as saffron)
reported cognitive benefits. Notably, one-year supplementation
resulted in magnetic resonance imaging (MRI)-detected structural
changes in the left inferior temporal gyrus, potentially linked to
improved cognitive function. Electroencephalogram (EEG)
assessments revealed shorter P300 latencies, indicating enhanced
cognitive processing speed. In a trial by Akhondzadeh etal. (2010a),
saffron supplementation for up to 16 weeks improved attention,
memory, and visual-motor coordination in patients with mild-to-
moderate AD, as evidenced by higher scores on the ADAS-Cog and
clinical dementia rating sum of boxes (CDR-SB). Conversely,
Farokhnia et al. (2014) compared Crocus sativus with memantine in
moderate-to-severe AD patients over one year. Both treatments
attenuated cognitive decline, with saffron effectively reducing
behavioral and psychological symptoms of dementia. The
intervention was well-tolerated, with only mild, self-limiting
gastrointestinal symptoms, dizziness, and headaches reported. In
contrast, supplementation with Ganoderma lucidum did not yield
significant cognitive or quality of life improvements over a six-week
period in a study involving 42 AD patients, likely due to the short
intervention duration and small sample size. On the other hand,
Garcinia mangostana L. supplementation for up to 24 weeks
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demonstrated significant improvements in ADAS-cog scores and
reductions in the oxidative stress biomarker 4-hydroxynonenal in a
low-dose group, with the intervention being well-tolerated
(Muangpaisan et al., 2022).

Ginkgo biloba has been extensively studied, yielding mixed
results. Schneider et al. (2005) found no significant difference in
ADAS-cog scores between the treatment and placebo groups after
52 weeks in patients with mild-to-moderate AD. However, at the
26-week mark, clinician’s interview-based impression of change plus
(CIBIC+) scores improved significantly in the treatment group. Le
Bars et al. (1997) reported improvements in ADAS-Cog score and the
Geriatric evaluation by relative’s rating instrument (GERRI) in
Ginkgo biloba-treated subjects compared to placebo. Additionally,
Herrschaft et al. (2012) demonstrated that Ginkgo biloba improved
cognition, psychopathology, functional measures, and quality of life
in patients with mild-to-moderate dementia, including AD and
vascular dementia, over a 24-week period. The supplementation of
Ginkgo biloba in older adults warrants caution due to its potential to
increase bleeding risk when combined with anticoagulants or
antiplatelet agents (Ke et al.,, 2021) and to disrupt blood glucose
regulation in diabetic patients with AD (Kudolo, 2001). Consequently,
caregivers contemplating the use of natural products or extracts are
strongly advised to seek guidance from healthcare professionals.
Furthermore, healthcare providers should thoroughly assess the
potential adverse effects of such supplements before recommending
them, particularly in the clinical management of individuals with
MCI or AD who often present with complex comorbidities.

Melissa officinalis (also known as lemon balm) supplementation
showed cognitive benefits in AD patients. A 16-week study
administering 500 pg per day improved ADAS-cog and CDR-SB
scores and reduced agitation in patients with mild-to-moderate
AD. Longer trials (96 weeks) with 500 mg of rosmarinic acid per day
suggested potential preventative effects on cognitive decline in
non-hypertension subjects. Tsolaki et al. (2020) investigated high-
phenolic and moderate-phenolic extra-virgin olive oil (EVOO) and
reported significant improvements in most cognitive domains
compared to a Mediterranean diet. Complementary studies have
linked EVOO consumption to reduced blood-brain barrier
permeability in brain regions associated with memory and cognitive
performance (Kaddoumi et al., 2022).

In Korean subjects with MCI, six months of Panax ginseng
supplementation improved visual memory (Park H. et al,, 2019).
Polygala tenuifolia extract enhanced word recognition and recall and
improved the overall scores in a mental cognitive test battery in aging
adults, showing effects comparable to placebo (Shin et al., 2009; Wang
etal, 2019). Punica granatum seed oil supplementation over 52 weeks
benefited cognitive functions, as indicated by ADAS-Cog and memory
tests, with pre- to post-treatment improvements in processing and
executive functions in the MCI group (Chatzikostopoulos et al., 2024).

Additional interventions included Vitis vinifera, which improved
cognitive and mood scores over 12 weeks in elderly individuals
(Calapai et al., 2017), and Vaccinium (blueberry) supplementation in
MCI, which was associated with increased activation in brain regions
involved in memory (Boespflug et al., 2018). A phase II study on
Bryostatin reported no overall significant effect on severe impairment
battery (SIB) scores; however, there were positive cognitive trends in
completers at 20 pg (7 doses/12 weeks), although higher doses led to
dropouts due to adverse events (Farlow et al., 2019).
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DHA supplementation yielded varied outcomes. Quinn et al.
(2010) did not observe a reduction in the rate of cognitive decline in
AD patients, whereas Lee et al. (2013) found that fish-derived DHA
containing EPA enhanced short-term and working memory in elderly
subjects with MCI. Freund-Levi et al. (2008) reported that DHA
supplementation in AD patients decreased agitation and depression
independent of cognitive improvement. Collectively, these studies
suggest that various natural supplements may offer symptomatic and
cognitive benefit in both MCI and AD.

3.4.2 Major findings of studies on natural
compounds

Recent trials have explored diverse pharmacological approaches
to address cognitive decline in both AD and vascular dementia.
Huperzine A has shown significant potential as a cognitive enhancer.
A 16-week phase II trial in patients with mild-to-moderate AD
demonstrated its safety and tolerability, with statistically significant
cognitive improvements compared to placebo as measured by the
MMSE and ADAS-cog (Rafii et al., 2011). Similarly, a 12-week study
on vascular dementia patients revealed significant cognitive
enhancements on the MMSE, Clinical Dementia Rating (CDR), and
Activities of Daily Living (ADL) scales, with greater gains observed
in the treatment group (Xu et al., 2012). Gastrointestinal symptoms,
including nausea, vomiting, and diarrhea, were the most commonly
reported adverse events, though they were generally mild
and transient.

Prolonged-release melatonin (PRM) has also emerged as a
promising add-on therapy for AD. Wade et al. (2014) found that PRM
significantly improved cognitive performance, as evidenced by
MMSE and Instrumental Activities of Daily Living (IADL) scores,
and enhanced sleep quality based on the Pittsburgh Sleep Quality
Index. These effects were particularly notable in patients with
exhibited
improvements in cognition and sleep efficiency compared to placebo.

comorbid insomnia, who clinically meaningful
PRM was well-tolerated, with an adverse event profile comparable to
the placebo group (Wade et al., 2014).

Physostigmine has been evaluated for cognitive enhancement in
mild-to-moderate AD with mixed outcomes. van et al. (2000)
reported significant improvements in ADAS-cog and Clinician’s
Interview-Based Impression of Change Plus (CIBIC+) scores, but no
benefits were observed in secondary outcomes such as the Clinical
Global Impression of Change (CGIC). Additionally, gastrointestinal
side effects, including nausea and vomiting, were prevalent, affecting
47% of participants and limiting its usability. Similarly, Thal et al.
(1999) observed significant cognitive and behavioral improvements
with controlled-release physostigmine but noted high dropout rates
due to adverse gastrointestinal effects, such as nausea, diarrhea, and
dyspepsia. Despite these limitations, both studies indicated an
acceptable safety profile, with no cardiac rhythm disturbances or liver
function abnormalities reported.

Galantamine, a cholinesterase inhibitor, has consistently
demonstrated robust efficacy in improving cognitive and functional
outcomes in AD across multiple studies. Rockwood et al. (2001)
reported superior cognitive performance ADAS-cog and global
response rates (CIBIC+) compared to placebo over three months,
with fewer patients experiencing cognitive decline. Galantamine also
enhanced both basic and instrumental ADL while maintaining a
favorable tolerability profile, with gastrointestinal symptoms being
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the most frequent but generally mild. Long-term efficacy was
confirmed in studies by Raskind et al. (2000) and Wilcock et al.
(2000), which demonstrated sustained improvements in cognition,
daily functioning, and clinician-rated impressions of change over six
months. Notably, slow dose escalation strategies improved tolerability
and reduced adverse events. These findings underscore the
therapeutic potential of galantamine in managing AD symptoms.

Resveratrol, a naturally occurring polyphenol, has produced less
definitive clinical outcomes. In a year-long trial involving AD
patients, Turner et al. (2015) observed no statistically significant
effects on AD biomarkers or cognitive function. However, trends
toward reductions in cerebrospinal fluid (CSF) Ap40 levels and
increases in the AP40/AP42 ratio suggested potential effects on
amyloid deposition. Resveratrol was generally well-tolerated, with no
significant differences in adverse events between treatment and
placebo groups. The study’s limited sample size and duration,
however, constrained the generalizability of its findings.

In summary, Huperzine A, PRM, physostigmine, and
galantamine have demonstrated varying degrees of efficacy as
cognitive enhancers in AD and vascular dementia, with galantamine
emerging as a particularly promising option due to its sustained
benefits and tolerability. While resveratrol holds theoretical potential,
its clinical utility remains inconclusive, necessitating further
investigation into its long-term effects and mechanisms of action.

3.5 Meta-analyses

The cognitive assessments employed in the included studies
utilized a variety of tools, such as the ADAS-cog, MMSE, CDR-SB,
Disability Assessment for Dementia, Functional Rating Scale of
Symptoms of Dementia, and Geriatric Depression Scale (Table 1).
However, not all of these measures were incorporated into the
subsequent meta-analyses.

To assess the overall effect size, the meta-analysis also conducted
subgroup analyses to examine the impact of distinct categories,
including natural extracts, natural compounds, and specific
compound classes such as terpenoids, phenols, and alkaloids
(Figures 3-6). However, due to limited data availability, more
granular subgroup analyses focusing on specific plant structural
extracts (Supplementary Figures S1, S2) and hormonal compounds
(Figures 5, 6) could not sufficiently explore variations arising from
study designs and participant characteristics. Consequently, these
findings must be interpreted with caution and in consideration of the
underlying limitations.

As summarized in Table 1, 25 studies provided sufficient data for
ADAS-cog,
neuropsychological tool for evaluating cognitive severity in dementia
(Akhondzadeh et al., 2003a, 2003b; Akhondzadeh et al., 2010a;
Akhondzadeh et al., 2010b; Chatzikostopoulos et al., 2024; Erkinjuntti
et al., 2002; Le Bars et al., 1997; Le Bars et al., 2002; Lee et al., 2017;
Lee et al., 2020; Maurer et al., 1997; Muangpaisan et al., 2022;

meta-analysis using the a widely recognized

Noguchi-Shinohara et al., 2023; Noguchi-Shinohara et al., 2020;
Quinn et al., 2010; Rafii et al., 2011; Raskind et al., 2000; Rockwood
et al,, 2001; Schneider et al., 2005; Tariot et al., 2000; Thal et al., 1999;
Tsolaki et al., 2020; van et al., 2000; Wade et al., 2014; Wang et al,,
2018; Wilcock et al, 2000). Additionally, 19 studies provided
sufficient data for meta-analysis using the MMSE, a commonly used
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Intervention Control Standardised Mean
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl  Weight
Akhondzadeh et al., 2010a 22 -39 1.69 20 4.08 1.34 = -5.14 [-6.44; -3.84] 3.9%
Wang et al.,2018 21 -163 0.38 21 -121  0.18 -1.39 [-2.07;-0.71] 4.1%
Muangpaisan et al., 2022 62 -1.79 055 40 -0.11 0.68 -2.78 [-3.33;-2.22] 4.1%
Schneider et al., 2005 93 0.70 5.90 47 280 5.70 -0.36 [-0.71; -0.00] 4.1%
Bars et al., 1997 104 -020 0.37 103 150 043 -4.25 [-4.74;-3.75] 4.1%
Bars et al., 2002 120 -0.08 0.50 116 157 091 -2.25 [-2.58;-1.92] 4.1%
Maurer et al., 1997 10 -0.88 12.91 10 0.03 14.46 = -0.06 [-0.94; 0.81] 4.0%
Akhondzadeh et al., 2003a 20 -640 1.66 15 560 1.40 —= | -7.54 [-9.53; -5.55] 3.6%
Noguchi et al., 2020 10 -030 435 10 1.80 3.88 - -0.49 [-1.38; 0.40] 4.0%
Noguchi et al., 2023 162 -0.83 2.36 161 -0.31 2.20 -0.23  [-0.45;-0.01] 4.1%
Tsolaki, 2020 34 -387 218 16 190 4.27 | -1.90 [-2.61;-1.19] 4.1%
Lee et al., 2020 26 -1.39 264 27 -158 341 0.06 [-0.48; 0.60] 4.1%
Akhondzadeh et al., 2003b 15 -6.60 1.63 15 553 112 — -8.44 [-10.83; -6.05] 3.4%
Jooyeon et al., 2017 5 113 0.95 5 -258 007 —a— 500 [ 1.97; 8.02] 3.0%
Chatzikostopoulos et al., 2024 40 -3.19 038 40 -0.34 040 - -7.21  [-8.44;-5.99] 3.9%
andom effects model = 2.43 4.22; -0.65 58.7
al .
Quinn et al., 2010 152 7.43 9.05 112 864 8.87 ; -0.13 [-0.38; 0.11] 4.1%
Rafii et al., 2011 113 -1.08 10.56 64 -034 517 : -0.08 [-0.39; 0.22] 4.1%
Wade et al., 2014 29 045 5.00 26 019 6.28 0.05 [-0.48; 0.57] 4.1%
Dyck et al., 2000 64 -1.05 5.30 80 126 504 -0.45 [-0.78;-0.11] 4.1%
Thal et al., 1999 303 -0.39 048 117 252 3.90 -1.39  [-1.62;-1.15] 4.1%
Rockwood et al., 2001 170 -1.60 0.46 106 050 0.49 -4.44 [-4.88;-3.99] 4.1%
Tariot et al., 2000 520 -1.31 045 225 180 052 -6.58 [-6.95;-6.21] 4.1%
Raskind et al., 2000 248 -165 0.55 157 220 0.52 -7.14 [-7.67;-6.60] 4.1%
Wilcock et al., 2000 308 -1.19 047 171 240 0.44 -7.80 [-8.33;-7.27] 4.1%
Erkinjuntti et al, 2002 396 -240 040 196 090 0.60 -6.93 [-7.36; -6.50] 4.1%
al

Random effects model 3047 1900 = -2.88 [-4.26; -1.50] 100.0%
Prediction interval — [ -8.26; 2.49]
Heterogeneity: 12 = 99%, 1> = 6.48, p =0 f f f !

Test for overall effect: ty, =-4.31 (p < 0.01) -10 -5 0 5 10

Test for subgroup differences: xf =0.60,df =1 (p = 0.44)

FIGURE 3

Forest plot for effect of natural compound/extract intervention studies assessing ADAS-cog classified by type of supplementation. ADAS-cog,

Alzheimer Disease Cooperative Study-Activities of Daily Living Scale.

favours intervention favours control

tool to evaluate cognitive impairment in clinical and research
contexts (Calapai et al., 2017; Chatzikostopoulos et al., 2024;
Fernando et al., 2023; Kaddoumi et al., 2022; Lee et al., 2017; Lee et al.,
2013; Mazza et al., 2006; Noguchi-Shinohara et al., 2023; Noguchi-
Shinohara et al., 2020; Park K. C. et al., 2019; Quinn et al., 2010; Rafii
et al., 2011; Shin et al., 2009; Tsolaki et al., 2016; Tsolaki et al., 2020;
van et al., 2000; Wade et al., 2014; Xu et al., 2012; You et al., 2021).

Notably, the meta-analysis identified a significant improvement in
ADAS-cog scores among participants receiving natural extracts or
compounds compared to controls (SMD = —2.88, 95% CI —4.26 to
—1.50, t,; =—4.31, p<0.01) (Figure 3). Similarly, MMSE scores
showed significant improvement following interventions compared to
controls (SMD =0.76, 95% CI 0.06 to 1.46, t;3=2.27, p =0.04)
(Figure 4).

Despite the observed heterogeneity, these findings suggest that
natural extracts and compounds exert a significant and substantial
effect on global cognitive function. However, the variability in effect
sizes across individual studies indicates that these impacts may differ
depending on the cognitive domain or compound characteristics.

To address the heterogeneity, additional subgroup and moderator
analyses were conducted to investigate the influence of factors such as
the type of natural extract, compound class (e.g., terpenoids, phenols,

Frontiers in Aging Neuroscience

12

and alkaloids), and outcome measures on the observed cognitive
improvements following intervention.

3.5.1 Subgroup analyses: effects of natural
extracts and natural compounds

Subgroup analyses of natural extracts indicated a significant
improvement in ADAS-cog scores following supplementation
(SMD = —2.43, 95% CI —4.22 to —0.65, t;,;=-2.92, p=0.01)
(Figure 3), although substantial heterogeneity was observed (I = 98%,
p <0.01). Additionally, there was a notable trend toward improvement
in MMSE scores after supplementation (SMD = 0.65, 95% CI 0.04 to
1.26, t,=231, p=0.04), also accompanied by significant
heterogeneity (I = 91%, p < 0.01) (Figure 4).

Similarly, subgroup analyses of natural compounds demonstrated
a significant improvement in ADAS-cog scores following
supplementation, with a larger effect size (SMD = —3.48, 95% CI
—591 to —1.06, ty=-3.25, p<0.01) (Figure 3), albeit with
considerable heterogeneity (I = 100%, p = 0). Furthermore, while
there was a trend toward improvement in MMSE scores after
supplementation, this was not statistically significant (SMD = 1.03,
95% CI —1.36 to 3.42, t; = 1.11, p = 0.32) and was accompanied by
notable heterogeneity (I = 97%, p < 0.01) (Figure 4).
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Intervention Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl  Weight
Tsolaki et al.,2016 17 077 0.51 18 -0.78 0.79 ’ | - 226 [1.39; 3.12] 4.7%
Mazza et al., 2006 20 060 227 19 -025 239 - 0.36 [-0.28; 0.99] 5.3%
Noguchi et al., 2020 10 -1.30 236 10 -1.30 236 5 0.00 [-0.88; 0.88] 4.7%
Noguchi et al., 2023 162 0.09 1.67 161 -0.14 1.84 0.13 [-0.09; 0.35] 5.9%
Tsolaki et al., 2020 18 090 0.14 16 0.10 0.64 - 1.75 [0.94; 2.55] 4.9%
Amal et al., 2022 12 -023 1.1 13 1.00 0.73 . N -1.28 [-2.16; -0.41] 4.7%
Park et al., 2019 41 061 1.38 41 054 1.68 : 0.05 [-0.39; 0.48] 5.7%
Shin et al., 2009 28 114 234 25 0.00 2.08 o 0.51 [-0.04; 1.05] 5.5%
Jooyeon et al., 2017 5 120 142 5 120 1.18 — 0.00 [-1.24; 1.24] 3.9%
Calapai et al., 2017 57 122 0.66 54 011 0.32 211 [1.64; 2.57] 5.6%
You et al., 2021 23 1.82 0.70 24 080 0.76 L 1.37 [0.73; 2.01] 5.3%
Chatzikostopoulos et al., 2024 40 017 0.28 40 -0.17 0.28 [ 1.20 [0.72; 1.68] 5.6%
Fernando et al., 2023 41  0.02 327 43 058 3.24 -0.17 [-0.60; 0.26] 5.7%
Quinn et al., 2010 152 3.43 4.93 112 412 475 ; -0.14 [-0.39; 0.10] 5.9%
Lee et al., 2013 17 020 1.52 18 0.10 1.48 L 0.07 [-0.60; 0.73] 5.2%
Rafii et al., 2011 113  0.86 284 64 -040 3.31 & 042 [0.11; 0.73] 5.8%
Wade et al., 2014 32 -0.30 2.80 29 -1.90 3.50 - 0.50 [-0.01; 1.01] 5.5%
Dyck et al., 2000 75 -0.25 298 84 -0.87 3.20 0.20 [-0.11; 0.51] 5.8%
Xu et al., 2012 39 561 092 39 -040 0.99 J} — 623 [5.13; 7.32] 4.2%
Random effects model 902 815 S 0.76 [0.06; 1.46] 100.0%
Prediction interval —_—r— [-1.08; 2.59]
Heterogeneity: /2 = 93%, <> = 0.71, p < 0.01 L T
Test for overall effect: t15 = 2.27 (p = 0.04) 6 -4 2 0 2 4 6
Test for subgroup differences: xf =0.16,df =1 (p = 0.69) favours control favours intervention

FIGURE 4

Forest plot for effect of natural compound/extract intervention studies assessing MMSE classified by type of supplementation. MMSE, Mini Mental State

Examination.

3.5.2 Subgroup analyses: effects of terpenoids,
phenols, and alkaloids

Subgroup analyses were conducted to evaluate the effects of
terpenoids, phenols, and alkaloids. Natural extracts were classified
based on the primary bioactive compound classes that have
demonstrated efficacy in preclinical or clinical studies related to
AD. However, it is essential to note that other bioactive compounds,
beyond these primary classes, may also contribute to the observed
health benefits. Therefore, the results of these subgroup analyses
should be interpreted with caution and careful consideration.

Subgroup analyses focusing on terpenoids revealed a borderline
significant improvement in ADAS-cog scores following
supplementation (SMD = —2.20, 95% CI —4.34 to —0.06, t; = —2.65,
p =0.05) (Figure 5), although substantial heterogeneity was observed
(P=98%, p<0.01). Additionally, there was a trend toward
improvement in MMSE scores after supplementation (SMD = 0.85,
95% CI —0.24 to 1.94, t, =2.18, p=0.10), also accompanied by
significant heterogeneity (I = 85%, p < 0.01) (Figure 6).

Similarly, subgroup analyses for alkaloids demonstrated a
significant improvement in ADAS-cog scores following
supplementation, with a larger effect size (SMD = —4.34, 95% CI
—7.06 to —1.63, t, = —3.79, p < 0.01) (Figure 5). However, substantial
heterogeneity was present (I = 100%, p = 0). Furthermore, there was
a trend toward improvement in MMSE scores, although it was not
statistically significant (SMD = 2.14, 95% CI —6.19 to 10.46, t, = 1.10,
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p =0.38), and notable heterogeneity was present (I* = 98%, p < 0.01)
(Figure 6).

Last, subgroup analyses for phenols indicated a trend toward
improvement in ADAS-cog scores following supplementation
(SMD = —2.00, 95% CI —5.19 to 1.20, t, = —1.48, p = 0.18) (Figure 5).
However, considerable heterogeneity was observed (I =96%,
p <0.01). Similarly, there was a trend toward improvement in MMSE
scores, which was not statistically significant (SMD = 0.48, 95% CI
—0.85 to 1.81, t; =0.93, p=0.39), with substantial heterogeneity
(P = 94%, p < 0.01) (Figure 6).

To evaluate potential publication bias, funnel plots
(Supplementary Figures S3, 54) were generated to visually examine
the distribution of effect sizes. The plots revealed a wide range of
effect sizes. Further analysis using Egger’s regression test indicated
no significant publication bias (Supplementary Figures S5, S6).
Specifically, funnel plots for studies assessing ADAS-cog scores
displayed a symmetrical distribution (Supplementary Figure S3),
and Egger’s test confirmed the absence of publication bias
(Supplementary Figure S5). For MMSE scores, the funnel plots
showed an asymmetric distribution (Supplementary Figure S4),
but test
(Supplementary Figure S6), suggesting no strong evidence of

Egger’s regression was non-significant
publication bias.
To address potential bias, the Trim-and-Fill method was applied.

This adjustment did not significantly alter the findings, further
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Intervention Control Standardised Mean

Study Total Mean SD Total Mean sD Difference SMD 95%-Cl  Weight
Akhondzadeh et al., 2010a 22 -396 169 20 408 1.34 -5.14  [-6.44;-3.84] 3.9%
Wang et al.,2018 21 -163 0.38 21 -121 018 -1.39 [-2.07;-0.71] 4.1%
Schneider et al., 2005 93 070 590 47 280 570 I -0.36  [-0.71;-0.00] 4.1%
Bars et al., 1997 104 -020 0.37 103 150 043 | -4.25 [-4.74;-3.75] 4.1%
Bars et al., 2002 120 -0.08 0.50 116 157 0.91 -2.25 [-2.58;-1.92] 4.1%
Maurer et al., 1997 10 -0.88 12.91 10 0.03 14.46 -0.06 [-0.94; 0.81] 4.0%
Muangpaisan et al., 2022 62 -1.79 055 40 -0.11 0.68 -2.78  [-3.33;-2.22] 4.1%
Akhondzadeh et al., 2003a 20 -6.40 166 15 560 1.40 -7.54  [-9.53;-5.55] 3.6%
Noguchi et al., 2020 10 -0.30 435 10 180 3.88 -0.49  [-1.38; 0.40] 4.0%
Noguchi et al., 2023 162 -0.83 2.36 161 -0.31 220 -0.23  [-0.45;-0.01] 4.1%
Tsolaki, 2020 34 -387 218 16 190 427 -1.90 [-2.61;-1.19] 4.1%
Lee et al., 2020 26 -139 264 27 -158 3.41 0.06 [-0.48; 0.60] 4.1%
Akhondzadeh et al., 2003b 15 -660 1.63 15 5653 1.12 -8.44  [-10.83; -6.05] 3.4%
Jooyeon et al., 2017 5 113 095 5 -258 0.07 = 5,00 [ 1.97; 8.02] 3.0%
Quinn et al., 2010 152 743 9.05 112 864 887 -0.13  [-0.38; 0.11] 4.1%
Chatzikostopoulos et al., 2024 40 -3.19 0.38 40 -0.34 040 -7.21 [ -8.44; -5.99] 3.9%
N C efrects m e 92 -3.00 [-40.0Z 32 8.
Rafii et al., 2011 113 -1.08 10.56 64 -034 517 -0.08 [-0.39; 0.22] 4.1%
Dyck et al., 2000 64 -1.05 530 80 126 504 -0.45 [-0.78;-0.11] 4.1%
Thal et al., 1999 303 -0.39 048 117 252 3.90 -1.39 [-1.62;-1.15] 4.1%
Rockwood et al., 2001 170 -160 0.46 106 050 049 -4.44  [-4.88;-3.99] 4.1%
Tariot et al., 2000 520 -1.31 045 225 180 0.52 -6.58 [-6.95;-6.21] 4.1%
Raskind et al., 2000 248 -165 055 157 220 0.52 -7.14  [-7.67;-6.60] 4.1%
Wilcock et al., 2000 308 -1.19 047 171 240 044 -7.80 [-8.33;-7.27] 4.1%
Erkinjuntti et al, 2002 396 -2.40 040 196 090 0.60 -6.93 [-7.36; -6.50] 4.1%
Random effects mode 2122 ' < 7.06 .6
Wade et al., 2014 29 045 500 26 019 6.28 0.05 [-0.48; 0.57] 4.1%
Random effects model 3047 1900 -2.88 [-4.26; -1.50] 100.0%
Prediction interval — [ -8.26; 2.49]
Heterogeneity: /> = 99%, 1> = 6.48, p = 0 ' ) ! '
Test for overall effect: t54 =-4.31 (p < 0.01) -40 -20 0 20 40
Test for subgroup differences: xf =21.44,df=4 (p <0.01) favours intervention favours control

FIGURE 5

Forest plot for effect of natural compound/extract intervention studies assessing ADAS-cog classified by class of major compound(s). ADAS-cog,

Alzheimer Disease Cooperative Study-Activities of Daily Living Scale.

supporting the robustness of the results despite the observed
heterogeneity in the studies assessing ADAS-cog and MMSE outcomes.

4 Discussion

This systematic review comprehensively analyzed 43 studies
evaluating the effects of various natural compounds and extracts,
administered in forms such as powders and liquid capsules, as
interventions for individuals with MCI or AD. Of these studies, 33
reported significant improvements in cognitive function, while 4
found no notable differences between the natural supplements and
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conventional pharmacological treatments. The accompanying meta-
analysis revealed statistically significant improvements in ADAS-Cog
scores in intervention groups compared to controls following
supplementation with natural compounds or extracts. Furthermore,
a borderline improvement was observed in MMSE scores.

These findings suggest that the analyzed natural compounds,
particularly in powder form, may exhibit cognitive-protective
properties, although they are unlikely to halt disease progression. The
meta-analysis highlights the potential benefits of prolonged
supplementation (>6 weeks) with specific natural compounds or
extracts for cognitive enhancement in individuals with MCI or
AD. Notably, terpenoids and alkaloids demonstrated superior efficacy
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Intervention Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl  Weight
Tsolaki et al.,2016 17 077 051 18 -0.78 0.79 226 [ 139; 312]  4.7%
Mazza et al., 2006 20 060 227 19 -025 2.39 ; 036 [-028 0.99] 5.3%
Park et al., 2019 41 061 138 41 054 168 : 005 [-0.39; 0.48] 5.7%
Shin et al., 2009 28 114 234 25 000 2.08 : 051 [-0.04; 1.05]  5.5%
You et al., 2021 23 182 070 24 080 076 : 1. [ 0.73; 201]  5.3%
Ra effects 129 27 0.85 [-0.24; 1.94]  26.4%
n [- 40]
Phenols
Noguchi et al., 2020 10 130 236 10 -1.30 236 - 000 [-0.88; 0.88] 4.7%
Noguchi et al., 2023 162 0.09 167 161 -0.14 184 013 [-009; 0.35]  5.9%
Tsolaki et al., 2020 18 090 014 16 010 0.64 : 1.75 [ 0.94: 2.55]  4.9%
Amal et al., 2022 12 023 111 13 1.00 0.73 128 [-216,-041]  4.7%
Jooyeon et al., 2017 5 120 142 5 120 1.8 . 000 [-124; 124]  3.9%
Calapai et al., 2017 57 122 066 54 0.1 032 241 [ 164; 257]  5.6%
264 259 0.48 [- 29.8%
Quinn et al., 2010 152 343 493 112 412 475 ) -0.14 ©0.10]  5.9%
Lee etal., 2013 17 020 152 18 010 1.48 : 0.07 1 0.73]  5.2%
Chatzikostopoulos et al., 2024 40 017 028 40 -017 0.28 : 1.20 168]  5.6%
Ferando et al., 2023 41 002 327 43 058 324 ] 017 60; 0.26]  5.7%
e ‘.
Alkaloids
Rafii et al., 2011 113 0.86 284 64 -040 3.31 0.42 5.8%
Dyck et al., 2000 75 -025 298 84 -0.87 3.20 : 0.20 5.8%
Xu et al., 2012 39 561 092 39 -0.40 0.99 4> 6.23 42%
Wade et al., 2014 32 030 280 29 -1.90 3.50 050 [-0.01; 1.01]  55%
Random effects model 902 815 0.76 [ 0.06; 1.46] 100.0%
Prediction interval | : - : | [ -1.08; 2.59]

Heterogeneity: /> = 93%, 1> = 0.71, p < 0.01
Test for overall effect: t153 = 2.27 (p = 0.04)
Test for subgroup differences: ﬁ =2.21,df=4 (p =0.70)

FIGURE 6

State Examination.

Forest plot for effect of natural compound/extract intervention studies assessing MMSE classified by class of major compound(s). MMSE, Mini Mental

20 -10 O 10 20
favours control favours intervention

in improving global cognitive function compared to

phenolic compounds.

4.1 Terpenoids

Terpenoids derived from a variety of natural sources, including
Ginkgo biloba, Crocus sativus L. (saffron), ginseng, Polygala tenuifolia
Willdenow (Polygala), Ganoderma lucidum (Reishi mushroom), and
Cosmos caudatus, exhibit diverse neuroprotective properties and hold
therapeutic potential for AD. In Ginkgo biloba, terpenoid components
such as ginkgolides and bilobalide are recognized for their antioxidant
and neuroprotective effects. Although some studies report modest
cognitive benefits in AD patients, others find no significant effects.
These inconsistencies may stem from variability in formulations,
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dosages, study designs, and patient-specific factors, including the stage
of the disease (DeKosky et al, 2008; Herrschaft et al, 2012
Hofferberth, 1994; Ihl et al., 2011; Kanowski and Hoerr, 2003; Le Bars
etal.,, 1997; Le Bars et al., 2002; Maurer et al., 1997; Mazza et al., 2006;
Schneider et al., 2005; Shi et al., 2010; Snitz et al., 2009).

Saffron contains active compounds such as crocin, crocetin, and
safranal, which demonstrate antioxidant, anti-inflammatory, and
neuroprotective effects. Specifically, crocetin has been shown to
modulate Af pathology, while safranal enhances cognitive function in
preclinical AD models (Ahmad et al., 2023; Akhondzadeh et al,
2010a; Farokhnia et al., 2014; Finley and Gao, 2017; Pandey et al,,
2020; Rasi Marzabadi et al., 2022; Tsolaki et al., 2016). Similarly,
ginsenosides—the triterpene saponins found in ginseng—exhibit
efficacy in improving cognitive function and mitigating AD-related
pathologies through their antioxidant and anti-inflammatory
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properties (Heo et al., 2012; Lee et al., 2008; Park H. et al., 2019; Wang
et al, 2019). Tenuifolin, a triterpenoid saponin from Polygala
tenuifolia, along with related compounds such as polygalasaponin F,
has been associated with memory enhancement and neuroprotection
by modulating neurotransmitter levels and reducing oxidative stress
(Deng et al., 2020; Jia et al., 2004; Moratalla-Lopez et al., 2019; Park
H. etal, 2019). In Ganoderma lucidum, triterpenoids like ganoderic
acids  provide neuroprotective effects by attenuating
neuroinflammation and oxidative stress, potentially leading to
improved cognitive function in AD (Qi et al., 2021; Zheng et al., 2023).
Opverall, the diverse terpenoid compounds from these natural sources
offer promising avenues for the development of therapeutic strategies

targeting the multifaceted pathologies of AD.

4.2 Phenols

The bioactive constituents of Cosmos caudatus include
flavonoids (e.g., quercetin and kaempferol), phenolic acids (e.g.,
caffeic acid), and carotenoids (e.g., f-carotene). These compounds
exhibit antioxidant and neuroprotective properties, suggesting their
potential in mitigating AD-related neurodegeneration, despite the
limited specific research available (Wang et al., 2023). Phenolic
compounds found in Melissa officinalis (lemon balm), Olea europaea
(olive), Garcinia mangostana (mangosteen), Salicornia europaea
(sampbhire), Salvia officinalis (sage), and Vitis vinifera (grape) further
highlight their therapeutic potential. Rosmarinic acid in lemon
balm has demonstrated both anti-inflammatory and neuroprotective
effects (Petrisor et al., 2022). Compounds derived from olives, such
as oleuropein, hydroxytyrosol, and oleocanthal, have shown efficacy
in reducing oxidative stress and AP pathology while providing
cognitive benefits in AD models (Abdallah et al., 2022; Abuznait
et al., 2013; Nardiello et al., 2018). Xanthones from mangosteen,
including @-mangostin and y-mangostin, possess strong antioxidant
and anti-inflammatory properties, and catechin flavonoids provide
additional neuroprotection (Do and Cho, 2020; Pratiwi et al., 2022;
Yang et al.,, 2021). Salicornia europaea contains phenolics and
carotenoids, such as lutein, which may help reduce oxidative stress
(Fitzner et al.,, 2021). Sage’s phenolic compounds, including carnosic
and ursolic acid, have been shown to improve cognitive function
and memory while providing neuronal protection (Ghorbani and
Esmaeilizadeh, 2017; Mirza et al.,, 2021; Yi-Bin et al., 2022).
Compounds in grapes, particularly resveratrol, have been found to
inhibit AP aggregation and neuroinflammation, along with
additional benefits
proanthocyanidins and flavonoids such as quercetin (Tabeshpour
etal., 2018).

providing antioxidant through

4.3 Alkaloids

alkaloids,
physostigmine, and galantamine, exhibit significant therapeutic

Several including bryostatin, huperzine A,
potential. Bryostatin, a macrolide derived from Bugula neritina,
modulates protein kinase C and has shown promise in treating
neurodegenerative and oncological conditions (Farlow et al., 2019;
Nelson et al., 2017; Zonder et al., 2001). Huperzine A, extracted

from Huperzia serrata, enhances cognitive function by inhibiting
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acetylcholinesterase, a key enzyme involved in AD pathology
(Friedli and Inestrosa, 2021; Liu et al., 2020; Rafii et al., 2011; Xu
et al.,, 2012). Galantamine, an FDA-approved acetylcholinesterase
inhibitor, alleviates AD symptoms by enhancing cholinergic
signaling, thereby providing cognitive and functional benefits
(Santos et al., 2020).

4.4 Other classes

Other bioactive compounds, such as omega-3 fatty acids (e.g.,
DHA) and melatonin, contribute significantly to neuroprotection
in AD. DHA has been shown to reduce neuroinflammation,
oxidative stress, and AP aggregation, while also supporting neuronal
survival and synaptic plasticity (Freund-Levi et al., 2008; Khalid
et al., 2022; Lee et al., 2013; Quinn et al., 2010; Thomas et al., 2015;
Xiao et al., 2022; Yurko-Mauro et al., 2010). Melatonin, known for
its role in regulating circadian rhythms and sleep, provides
antioxidant and anti-inflammatory effects that mitigate AD
pathology,  including ~Af  accumulation and  tau
hyperphosphorylation (Cardinali et al., 2014; Furio et al., 2007;
Hardeland, 2018; Li et al., 2020; Lin et al., 2013; Wade et al., 2014;
Xu et al., 2020).

These natural compounds present a multifaceted approach to
combating AD by targeting oxidative stress, inflammation, and
amyloid and tau pathologies. However, further research is required to
optimize their clinical utility and establish standardized protocols for

therapeutic application.

4.5 Strengths and limitations

The meta-analysis presented in this study emphasizes the need
for further research to validate the potential cognitive benefits of
natural compounds and extracts, despite the promising results
identified in individual interventions. While previous systematic
reviews have addressed natural compounds in preclinical and
clinical trials (Ahmad et al., 2023; Andrade et al., 2019; Li et al.,
2023), this study distinguishes itself by focusing exclusively on
RCTs that evaluated global cognitive domains using widely
accepted measures such as the ADAS-cog and MMSE. By
employing meta-analyses and providing statistical evidence, this
study contributes to a more comprehensive understanding of the
effects of natural compounds and extracts. Furthermore, the study’s
selection criteria targeted RCTs that utilized a single species of
natural extract or specific compound, excluding those involving
multiple extracts, compounds, or formulations. This approach
aligns closely with real-world practices typically employed by
caregivers, making the findings highly relevant for daily clinical
management of individuals with MCI or AD. It is essential for
individuals considering any dietary supplement to consult
healthcare professionals or AD specialists, who can provide
personalized guidance based on individual circumstances and
health status. Although short-term cognitive improvement was
observed across all RCTs, the validation of long-term efficacy in
individuals with cognitive impairment necessitates large-scale
longitudinal trials. To the best of our knowledge, this study is the
first systematic review and meta-analysis that compares the effects
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of various forms of natural compounds and extracts on patients
with MCI or AD using recognized assessment measures such as the
MMSE and ADAS-cog. Despite the positive findings, several
limitations must be acknowledged. This include the diversity in
intervention types, variations, in duration and participant
characteristics, and the moderate to high risk of bias in the quality
of studies using the same cognitive tasks. Additionally, the vast
scope of this topic inevitably meant that not all types or species of
natural compounds and extracts could be included. Some natural
compounds are still in the preclinical or early clinical phases, and
certain studies employing non-RCT designs, such as pilot or cross-
over studies, were excluded from this review. This exclusion does
not imply a lack of potential benefit to cognitive health. Despite a
rigorous search methodology, including additional hand-searching,
it is possible that some relevant articles were inadvertently missed.
Furthermore, each natural compound and extract originates from
distinct sources and possesses unique mechanisms of action and
biological effects, necessitating a cautious interpretation of the
findings. Future research should address these limitations and aim
to provide a more comprehensive understanding of the therapeutic
potential of natural compounds and extracts in improving
cognitive function.

5 Conclusion

This systematic review provides preliminary evidence suggesting
the potential cognitive benefits of natural compounds and extracts,
particularly as assessed by the ADAS-cog. Additionally, there is
significant suggestive evidence indicating improvements in MMSE
scores. Notably, this study represents the first systematic review and
meta-analysis to comprehensively compare and categorize the effects
of various forms of prolonged consumption of natural compounds,
extracts, and isolated food supplements in individuals diagnosed with
MCI or AD. The study does not offer robust evidence to endorse any
individual natural compound or extract reviewed as a substitute for
conventional medications in the prevention or treatment of mild
cognitive impairment or Alzheimer’s disease.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

LNH: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Software, Visualization, Writing -
original draft, Writing - review & editing. HSL: Data curation,

References

Abdallah, I. M., Al-Shami, K. M., Yang, E., Wang, J., Guillaume, C., and Kaddoumi, A.
(2022). Oleuropein-rich olive leaf extract attenuates Neuroinflammation in the

Frontiers in Aging Neuroscience

17

10.3389/fnagi.2024.1531278

Investigation, Validation, Writing - review & editing. SJL: Data
curation, Funding acquisition, Investigation, Methodology, Project
administration, Resources, Supervision, Validation, Writing - review
& editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by the Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by an NRF
grant funded by the Korean government (MSIT) (No.
NRF-2021R1A2C1005980). This study was also supported by Jeonbuk
National University, Republic of Korea. Long Ngo Hoang and Haesung
Lee were supported by the Brain Korea 21 program at the Department
of Bioactive Material Sciences.

Acknowledgments

We would
language editing.

like to thank eWorldediting for English

Conflict of interest
The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnagi.2024.1531278/
full#supplementary-material

Alzheimer's disease mouse model. ACS Chem. Neurosci. 13, 1002-1013. doi: 10.1021/
acschemneuro.2c00005

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1531278
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1531278/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1531278/full#supplementary-material
https://doi.org/10.1021/acschemneuro.2c00005
https://doi.org/10.1021/acschemneuro.2c00005

Hoang et al.

Abuznait, A. H., Qosa, H., Busnena, B. A, El Sayed, K. A., and Kaddoumi, A. (2013).
Olive-oil-derived oleocanthal enhances beta-amyloid clearance as a potential
neuroprotective mechanism against Alzheimer's disease: in vitro and in vivo studies.
ACS Chem. Neurosci. 4, 973-982. doi: 10.1021/cn400024q

Ahmad, S., Ahmed, S. B., Khan, A., Wasim, M., Tabassum, S., Haider, S., et al. (2023).
Natural remedies for Alzheimer's disease: a systematic review of randomized controlled
trials. Metab. Brain Dis. 38, 17-44. doi: 10.1007/s11011-022-01063-9

Akhondzadeh, S., Noroozian, M., Mohammadi, M., Ohadinia, S., Jamshidi, A. H., and
Khani, M. (2003a). Melissa officinalis extract in the treatment of patients with mild to
moderate Alzheimer's disease: a double blind, randomised, placebo controlled trial. J.
Neurol. Neurosurg. Psychiatry 74, 863-866. doi: 10.1136/jnnp.74.7.863

Akhondzadeh, S., Noroozian, M., Mohammadi, M., Ohadinia, S., Jamshidi, A. H., and
Khani, M. (2003b). Salvia officinalis extract in the treatment of patients with mild to
moderate Alzheimer's disease: a double blind, randomized and placebo-controlled trial.
J. Clin. Pharm. Ther. 28, 53-59. doi: 10.1046/j.1365-2710.2003.00463.x

Akhondzadeh, S., Sabet, M. S., Harirchian, M. H., Togha, M., Cheraghmakani, H.,
Razeghi, S., et al. (2010a). Saffron in the treatment of patients with mild to moderate
Alzheimer's disease: a 16-week, randomized and placebo-controlled trial. J. Clin. Pharm.
Ther. 35, 581-588. doi: 10.1111/j.1365-2710.2009.01133.x

Akhondzadeh, S., Shafiee Sabet, M., Harirchian, M. H., Togha, M., Cheraghmakani, H.,
Razeghi, S., et al. (2010b). A 22-week, multicenter, randomized, double-blind controlled
trial of Crocus sativus in the treatment of mild-to-moderate Alzheimer's disease.
Psychopharmacology 207, 637-643. doi: 10.1007/s00213-009-1706-1

Andrade, S., Ramalho, M. J., Loureiro, J. A., and Pereira, M. D. C. (2019). Natural
compounds for Alzheimer's disease therapy: a systematic review of preclinical and
clinical studies. Int. J. Mol. Sci. 20:2313. doi: 10.3390/ijms20092313

Baum, L., Lam, C. W,, Cheung, S. K., Kwok, T., Lui, V., Tsoh, J., et al. (2008). Six-month
randomized, placebo-controlled, double-blind, pilot clinical trial of curcumin in patients
with Alzheimer disease. J. Clin. Psychopharmacol. 28, 110-113. doi: 10.1097/
jcp.0b013e318160862¢

Boespflug, E. L., Eliassen, J. C., Dudley, J. A., Shidler, M. D., Kalt, W,, Summer, S. S.,
et al. (2018). Enhanced neural activation with blueberry supplementation in mild
cognitive impairment. Nutr. Neurosci. 21, 297-305. doi: 10.1080/1028415X.2017.1287833

Calapai, G., Bonina, F, Bonina, A., Rizza, L., Mannucci, C., Arcoraci, V., et al. (2017).
A randomized, double-blinded, clinical trial on effects of a Vitis vinifera extract on
cognitive function in healthy older adults. Front. Pharmacol. 8:776. doi: 10.3389/
fphar.2017.00776

Cardinali, D. P, Vigo, D. E., Olivar, N., Vidal, M. E, and Brusco, L. I. (2014). Melatonin
therapy in patients with Alzheimer's disease. Antioxidants 3, 245-277. doi: 10.3390/
antiox3020245

Chatzikostopoulos, T., Gialaouzidis, M., Koutoupa, A., and Tsolaki, M. (2024). The
effects of pomegranate seed oil on mild cognitive impairment. J. Alzheimer's Dis. 97,
1961-1970. doi: 10.3233/JAD-231100

Dastmalchi, K., Dorman, H. T. D., Oinonen, P. P, Darwis, Y., Laakso, 1., and
Hiltunen, R. (2008). Chemical composition and in vitro antioxidative activity of a lemon
balm (Melissa officinalis L.) extract. Lwt-food. Sci. Technol. 41, 391-400. doi: 10.1016/j.
Iwt.2007.03.007

Deary, 1. J., Corley, J., Gow, A. ], Harris, S. E., Houlihan, L. M., Marioni, R. E., et al.
(2009). Age-associated cognitive decline. Br. Med. Bull. 92, 135-152. doi: 10.1093/
bmb/1dp033

DeKosky, S. T., Williamson, J. D., Fitzpatrick, A. L., Kronmal, R. A,, Ives, D. G.,
Saxton, J. A., et al. (2008). Ginkgo biloba for prevention of dementia: a randomized
controlled trial. JAMA 300, 2253-2262. doi: 10.1001/jama.2008.683

Deng, X., Zhao, S., Liu, X., Han, L., Wang, R., Hao, H., et al. (2020). Polygala tenuifolia:
a source for anti-Alzheimer's disease drugs. Pharm. Biol. 58, 410-416. doi:
10.1080/13880209.2020.1758732

Do, H. T. T,, and Cho, J. (2020). Mangosteen pericarp and its bioactive Xanthones:
potential therapeutic value in Alzheimer's disease, Parkinson's disease, and depression
with pharmacokinetic and safety profiles. Int. . Mol. Sci. 21:6211. doi: 10.3390/
ijms21176211

Egger, M., Smith, G., Schneider, M., and Minder, C. (1997). Bias in meta-analysis
detected by a simple, graphical test. BMJ 315, 629-634. doi: 10.1136/bm;j.315.7109.629

Erkinjuntti, T., Kurz, A., Gauthier, S., Bullock, R., Lilienfeld, S., and Damaraju, C. V.
(2002). Efficacy of galantamine in probable vascular dementia and Alzheimer's disease
combined with cerebrovascular disease: a randomised trial. Lancet 359, 1283-1290. doi:
10.1016/S0140-6736(02)08267-3

Farlow, M. R., Thompson, R. E., Wei, L. J., Tuchman, A. J., Grenier, E., Crockford, D.,
et al. (2019). A randomized, double-blind, placebo-controlled, phase II study
assessing safety, tolerability, and efficacy of Bryostatin in the treatment of moderately
severe to severe Alzheimer's disease. J. Alzheimers Dis. 67, 555-570. doi: 10.3233/
JAD-180759

Farokhnia, M., Shafiee Sabet, M., Iranpour, N., Gougol, A., Yekehtaz, H.,
Alimardani, R., et al. (2014). Comparing the efficacy and safety of Crocus sativus L. with
memantine in patients with moderate to severe Alzheimer's disease: a double-blind
randomized clinical trial. Hum. Psychopharmacol. 29, 351-359. doi: 10.1002/hup.2412

Fernando, M. G., Silva, R., Fernando, W.,, de, H., Wickremasinghe, A. R,
Dissanayake, A. S., et al. (2023). Effect of virgin coconut oil supplementation on

Frontiers in Aging Neuroscience

10.3389/fnagi.2024.1531278

cognition of individuals with mild-to-moderate Alzheimer’s disease in Sri Lanka (VCO-
AD study): a randomized placebo-controlled trial. J. Alzheimer's Dis. 96, 1195-1206. doi:
10.3233/JAD-230670

Finley, J. W, and Gao, S. (2017). A perspective on Crocus sativus L. (saffron)
constituent Crocin: a potent water-soluble antioxidant and potential therapy for
Alzheimer's disease. . Agric. Food Chem. 65, 1005-1020. doi: 10.1021/acs.jafc.6b04398

Fitzner, M., Fricke, A., Schreiner, M., and Baldermann, S. (2021). Utilization of
regional natural brines for the indoor cultivation of Salicornia europaea. Sustain. For.
13:12105. doi: 10.3390/su132112105

Freund-Levi, Y., Basun, H., Cederholm, T., Faxen-Irving, G., Garlind, A., Grut, M.,
etal. (2008). Omega-3 supplementation in mild to moderate Alzheimer's disease: effects
on neuropsychiatric symptoms. Int. J. Geriatr. Psychiatry 23, 161-169. doi: 10.1002/
gps.1857

Friedli, M. ], and Inestrosa, N. C. (2021). Huperzine a and its neuroprotective
molecular signaling in Alzheimer's disease. Molecules 26:6531. doi: 10.3390/
molecules26216531

Furio, A. M., Brusco, L. I, and Cardinali, D. P. (2007). Possible therapeutic value of
melatonin in mild cognitive impairment: a retrospective study. J. Pineal Res. 43, 404-409.
doi: 10.1111/§.1600-079X.2007.00491.x

Gauthier, S., and Schlaefke, S. (2014). Efficacy and tolerability of Ginkgo biloba extract
EGb 761(R) in dementia: a systematic review and meta-analysis of randomized placebo-
controlled trials. Clin. Interv. Aging 9, 2065-2077. doi: 10.2147/CIA.S72728

Ghorbani, A., and Esmaeilizadeh, M. (2017). Pharmacological properties of Salvia
officinalis and its components. J. Tradit. Complement. Med. 7, 433-440. doi: 10.1016/j.
jtcme.2016.12.014

Hamaguchi, T., Ono, K., and Yamada, M. (2010). REVIEW: curcumin and Alzheimer's
disease. CNS Neurosci. Ther. 16, 285-297. doi: 10.1111/j.1755-5949.2010.00147.x

Hardeland, R. (2018). Melatonin and inflammation-story of a double-edged blade. J.
Pineal Res. 65:¢12525. doi: 10.1111/jpi.12525

Hedges, L. V. (2009). “Statistical considerations” in The handbook of research
synthesis and meta-analysis (New York: Russell Sage Foundation), 38-47.

Heo, J. H,, Lee, S. T, Chu, K., Oh, M. J., Park, H. J., Shim, J. Y., et al. (2012). Heat-
processed ginseng enhances the cognitive function in patients with moderately severe
Alzheimer's disease. Nutr. Neurosci. 15, 278-282. doi: 10.1179/1476830512Y.0000000027

Heo, J. H., Park, M. H., and Lee, J. H. (2016). Effect of Korean red ginseng on cognitive
function and quantitative EEG in patients with Alzheimer's disease: a preliminary study.
J. Altern. Complement. Med. 22, 280-285. doi: 10.1089/acm.2015.0265

Herrschaft, H., Nacu, A., Likhachev, S., Sholomov, 1., Hoerr, R., and Schlaefke, S.
(2012). Ginkgo biloba extract EGb 761(R) in dementia with neuropsychiatric features: a
randomised, placebo-controlled trial to confirm the efficacy and safety of a daily dose
of 240 mg. J. Psychiatr. Res. 46, 716-723. doi: 10.1016/j.jpsychires.2012.03.003

Higgins, J. P. T, Chandler, J., Cumpston, M., Li, T., Page, M. ], and Welch, V. A. (2022).
Cochrane handbook for systematic reviews of interventions version 6.3 (updated
February 2022). Cochrane Database Syst. Rev. doi: 10.1002/9780470712184

Higgins, J. P,, Thompson, S. G., Deeks, J. J., and Altman, D. G. (2003). Measuring
inconsistency in meta-analyses. BM] 327, 557-560. doi: 10.1136/bmj.327.7414.557

Hofferberth, B. (1994). The efficacy of Egb-761 in patients with senile dementia of the
Alzheimer-type, a double-blind, placebo-controlled study on different levels of
investigation. Human Psychopharmacol. 9, 215-222. doi: 10.1002/hup.470090308

Ide, K., Matsuoka, N., Yamada, H., Furushima, D., and Kawakami, K. (2018). Effects
of tea Catechins on Alzheimer's disease: recent updates and perspectives. Molecules
23:2357. doi: 10.3390/molecules23092357

Thl, R., Bachinskaya, N., Korczyn, A. D., Vakhapova, V., Tribanek, M., Hoerr, R., et al.
(2011). Efficacy and safety of a once-daily formulation of Ginkgo biloba extract EGb
761 in dementia with neuropsychiatric features: a randomized controlled trial. Int. J.
Geriatr. Psychiatry 26, 1186-1194. doi: 10.1002/gps.2662

IntHout, J., Ioannidis, J. P, and Borm, G. E (2014). The Hartung-Knapp-Sidik-
Jonkman method for random effects meta-analysis is straightforward and considerably
outperforms the standard DerSimonian-Laird method. BMC Med. Res. Methodol. 14:25.
doi: 10.1186/1471-2288-14-25

Jia, H., Jiang, Y., Ruan, Y., Zhang, Y., Ma, X., Zhang, J., et al. (2004). Tenuigenin
treatment decreases secretion of the Alzheimer's disease amyloid beta-protein in
cultured cells. Neurosci. Lett. 367, 123-128. doi: 10.1016/j.neulet.2004.05.093

Jiang, Y., Gao, H., and Turdu, G. (2017). Traditional Chinese medicinal herbs as
potential AChE inhibitors for anti-Alzheimer's disease: a review. Bioorg. Chem. 75,
50-61. doi: 10.1016/j.bioorg.2017.09.004

Kaddoumi, A., Denney, T. S. Jr.,, Deshpande, G., Robinson, J. L., Beyers, R. .,
Redden, D. T,, et al. (2022). Extra-virgin olive oil enhances the blood-brain barrier
function in mild cognitive impairment: a randomized controlled trial. Nutrients 14:5102.
doi: 10.3390/nu14235102

Kanowski, S., and Hoerr, R. (2003). Ginkgo biloba extract EGb 761 in dementia: intent-
to-treat analyses of a 24-week, multi-center, double-blind, placebo-controlled, randomized
trial. Pharmacopsychiatry 36, 297-303. doi: 10.1055/s-2003-45117

Katzman, R. (1993). Education and the prevalence of dementia and Alzheimer's
disease. Neurology 43, 13-20. doi: 10.1212/wnl.43.1_part_1.13

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1531278
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1021/cn400024q
https://doi.org/10.1007/s11011-022-01063-9
https://doi.org/10.1136/jnnp.74.7.863
https://doi.org/10.1046/j.1365-2710.2003.00463.x
https://doi.org/10.1111/j.1365-2710.2009.01133.x
https://doi.org/10.1007/s00213-009-1706-1
https://doi.org/10.3390/ijms20092313
https://doi.org/10.1097/jcp.0b013e318160862c
https://doi.org/10.1097/jcp.0b013e318160862c
https://doi.org/10.1080/1028415X.2017.1287833
https://doi.org/10.3389/fphar.2017.00776
https://doi.org/10.3389/fphar.2017.00776
https://doi.org/10.3390/antiox3020245
https://doi.org/10.3390/antiox3020245
https://doi.org/10.3233/JAD-231100
https://doi.org/10.1016/j.lwt.2007.03.007
https://doi.org/10.1016/j.lwt.2007.03.007
https://doi.org/10.1093/bmb/ldp033
https://doi.org/10.1093/bmb/ldp033
https://doi.org/10.1001/jama.2008.683
https://doi.org/10.1080/13880209.2020.1758732
https://doi.org/10.3390/ijms21176211
https://doi.org/10.3390/ijms21176211
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1016/S0140-6736(02)08267-3
https://doi.org/10.3233/JAD-180759
https://doi.org/10.3233/JAD-180759
https://doi.org/10.1002/hup.2412
https://doi.org/10.3233/JAD-230670
https://doi.org/10.1021/acs.jafc.6b04398
https://doi.org/10.3390/su132112105
https://doi.org/10.1002/gps.1857
https://doi.org/10.1002/gps.1857
https://doi.org/10.3390/molecules26216531
https://doi.org/10.3390/molecules26216531
https://doi.org/10.1111/j.1600-079X.2007.00491.x
https://doi.org/10.2147/CIA.S72728
https://doi.org/10.1016/j.jtcme.2016.12.014
https://doi.org/10.1016/j.jtcme.2016.12.014
https://doi.org/10.1111/j.1755-5949.2010.00147.x
https://doi.org/10.1111/jpi.12525
https://doi.org/10.1179/1476830512Y.0000000027
https://doi.org/10.1089/acm.2015.0265
https://doi.org/10.1016/j.jpsychires.2012.03.003
https://doi.org/10.1002/9780470712184
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1002/hup.470090308
https://doi.org/10.3390/molecules23092357
https://doi.org/10.1002/gps.2662
https://doi.org/10.1186/1471-2288-14-25
https://doi.org/10.1016/j.neulet.2004.05.093
https://doi.org/10.1016/j.bioorg.2017.09.004
https://doi.org/10.3390/nu14235102
https://doi.org/10.1055/s-2003-45117
https://doi.org/10.1212/wnl.43.1_part_1.13

Hoang et al.

Ke, J., Li, M. T., Huo, Y. ., Cheng, Y. Q., Guo, S. E, Wu, Y,, et al. (2021). The synergistic
effect of Ginkgo biloba extract 50 and aspirin against platelet aggregation. Drug Des.
Devel. Ther. 15, 3543-3560. doi: 10.2147/DDDT.S318515

Khalid, W,, Gill, P, Arshad, M. S., Ali, A., Ranjha, M. M. A. N., Mukhtar, S, et al.
(2022). Functional behavior of DHA and EPA in the formation of babies brain at
different stages of age, and protect from different brain-related diseases. Int. J. Food Prop.
25, 1021-1044. doi: 10.1080/10942912.2022.2070642

Khan, H., Ullah, H., Aschner, M., Cheang, W. S., and Akkol, E. K. (2019).
Neuroprotective effects of quercetin in Alzheimer's disease. Biomol. Ther. 10:59. doi:
10.3390/biom10010059

Kudolo, G. B. (2001). The effect of 3-month ingestion of Ginkgo biloba extract (EGb
761) on pancreatic beta-cell function in response to glucose loading in individuals with
non-insulin-dependent diabetes mellitus. J. Clin. Pharmacol. 41, 600-611. doi:
10.1177/00912700122010483

Le Bars, P. L., Katz, M. M., Berman, N.,, Itil, T. M., Freedman, A. M., and
Schatzberg, A. F. (1997). A placebo-controlled, double-blind, randomized trial of an
extract of Ginkgo biloba for dementia. North Am. EGb Study Group 278, 1327-1332. doi:
10.1001/jama.278.16.1327

Le Bars, P. L., Kieser, M., and Itil, K. Z. (2000). A 26-week analysis of a double-blind,
placebo-controlled trial of the Ginkgo biloba extract EGb 761 in dementia. Dement.
Geriatr. Cogn. Disord. 11, 230-237. doi: 10.1159/000017242

Le Bars, P. L., Velasco, E. M., Ferguson, J. M., Dessain, E. C,, Kieser, M., and Hoerr, R.
(2002). Influence of the severity of cognitive impairment on the effect of the Gnkgo
biloba extract EGb 761 in Alzheimer's disease. Neuropsychobiology 45, 19-26. doi:
10.1159/000048668

Lee, S. T, Chu, K., Sim, J. Y., Heo, J. H., and Kim, M. (2008). Panax ginseng enhances
cognitive performance in Alzheimer disease. Alzheimer Dis. Assoc. Disord. 22, 222-226.
doi: 10.1097/WAD.0b013e31816c92e6

Lee, L. K., Shahar, S., Chin, A. V,, and Yusoff, N. A. (2013). Docosahexaenoic acid-
concentrated fish oil supplementation in subjects with mild cognitive impairment
(MCI): a 12-month randomised, double-blind, placebo-controlled trial.
Psychopharmacology 225, 605-612. doi: 10.1007/s00213-012-2848-0

Lee, W. ], Shin, Y. W,, Chang, H., Shin, H. R., Kim, W. W, Jung, S. W,, et al. (2022).
Safety and efficacy of dietary supplement (gintonin-enriched fraction from ginseng) in
subjective memory impairment: a randomized placebo-controlled trial. Integr Med Res
11:100773. doi: 10.1016/j.imr.2021.100773

Lee, W.]., Shin, Y. W,, Kim, D. E., Kweon, M. H., and Kim, M. (2020). Effect of desalted
Salicornia europaea L. ethanol extract (PM-EE) on the subjects complaining memory
dysfunction without dementia: a 12 week, randomized, double-blind, placebo-controlled
clinical trial. Sci. Rep. 10:19914. doi: 10.1038/s41598-020-76938-x

Lee, J., Torosyan, N., and Silverman, D. H. (2017). Examining the impact of grape
consumption on brain metabolism and cognitive function in patients with mild decline
in cognition: a double-blinded placebo controlled pilot study. Exp. Gerontol. 87,
121-128. doi: 10.1016/j.exger.2016.10.004

Li, D., Ma, J., Wei, B., Gao, S., Lang, Y., and Wan, X. (2023). Effectiveness and safety
of Ginkgo biloba preparations in the treatment of Alzheimer's disease: a systematic
review and meta-analysis. Front. Aging Neurosci. 15:1124710. doi: 10.3389/
fnagi.2023.1124710

Li, Y., Zhang, J., Wan, ], Liu, A., and Sun, J. (2020). Melatonin regulates Abeta
production/clearance balance and Abeta neurotoxicity: a potential therapeutic molecule
for Alzheimer's disease. Biomed. Pharmacother. 132:110887. doi: 10.1016/j.
biopha.2020.110887

Lin, L., Huang, Q. X,, Yang, S. S., Chu, J., Wang, J. Z., and Tian, Q. (2013).
Melatonin in Alzheimer's disease. Int. J. Mol. Sci. 14, 14575-14593. doi: 10.3390/
ijms140714575

Liu, Y., Wang, S., Kan, ], Zhang, J., Zhou, L., Huang, Y., et al. (2020). Chinese herbal
medicine interventions in neurological disorder therapeutics by regulating glutamate
signaling. ~ Curr.  Neuropharmacol. 18, 260-276. doi:  10.2174/157015
9X17666191101125530

Long, J. M., and Holtzman, D. M. (2019). Alzheimer disease: an update on
pathobiology and treatment strategies. Cell 179, 312-339. doi: 10.1016/j.cell.2019.09.001

Lopez, O. L., Chang, Y., Ives, D. G., Snitz, B. E., Fitzpatrick, A. L., Carlson, M. C., et al.
(2019). Blood amyloid levels and risk of dementia in the Ginkgo evaluation of memory
study (GEMS): a longitudinal analysis. Alzheimers Dement. 15, 1029-1038. doi:
10.1016/j.jalz.2019.04.008

Maurer, K., Ihl, R., Dierks, T., and Frolich, L. (1997). Clinical efficacy of Ginkgo biloba
special extract EGb 761 in dementia of the Alzheimer type. J. Psychiatr. Res. 31, 645-655.
doi: 10.1016/s0022-3956(97)00022-8

Mazza, M., Capuano, A., Bria, P, and Mazza, S. (2006). Ginkgo biloba and donepezil:
a comparison in the treatment of Alzheimer's dementia in a randomized placebo-
controlled  double-blind ~ study. Eur. J. Neurol. 13, 981-985. doi:
10.1111/j.1468-1331.2006.01409.x

Mirza, F. J., Amber, S., Sumera Hassan, D., Ahmed, T., and Zahid, S. (2021).
Rosmarinic acid and ursolic acid alleviate deficits in cognition, synaptic regulation and
adult hippocampal neurogenesis in an Abeta(1-42)-induced mouse model of
Alzheimer's disease. Phytomedicine 83:153490. doi: 10.1016/j.phymed.2021.153490

Frontiers in Aging Neuroscience

10.3389/fnagi.2024.1531278

Mobher, D,, Liberati, A., Tetzlaff, J., and Altman, D. G. (2009). Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. Ann. Intern. Med. 151,
264-269. doi: 10.7326/0003-4819-151-4-200908180-00135

Moratalla-Lopez, N., Bagur, M. J., Lorenzo, C., Martinez-Navarro, M. E., Salinas, M.,
and Alonso, G. (2019). Bioactivity and bioavailability of the major metabolites of Crocus
sativus L. flower. Molecules 24:2827. doi: 10.3390/molecules24152827

Morris, J. C. (1997). Clinical dementia rating: a reliable and valid diagnostic and
staging measure for dementia of the Alzheimer type. Int. Psychogeriatr. 9, 173-176. doi:
10.1017/s1041610297004870

Muangpaisan, W., Wiputhanuphongs, P, Jaisupa, N., Junnu, S., Samer, J,
Moongkarndi, P, et al. (2022). Effects of water-soluble mangosteen extract on cognitive
function and neuropsychiatric symptoms in patients with mild to moderate Alzheimer's
disease (WECAN-AD): a randomized controlled trial. Alzheimers Dement 8:€12292. doi:
10.1002/trc2.12292

Nardiello, P, Pantano, D., Lapucci, A., Stefani, M., and Casamenti, F. (2018). Diet
supplementation with Hydroxytyrosol ameliorates brain pathology and restores
cognitive functions in a mouse model of amyloid-beta deposition. J. Alzheimers Dis. 63,
1161-1172. doi: 10.3233/JAD-171124

Nelson, T. J., Sun, M. K., Lim, C., Sen, A., Khan, T., Chirila, E V., et al. (2017).
Bryostatin effects on cognitive function and PKCvarepsilon in Alzheimer's disease phase
ITa and expanded access trials. J. Alzheimers Dis. 58, 521-535. doi: 10.3233/JAD-170161

Noguchi-Shinohara, M., Hamaguchi, T., Sakai, K., Komatsu, J., Iwasa, K,
Horimoto, M., et al. (2023). Effects of Melissa officinalis extract containing Rosmarinic
acid on cognition in older adults without dementia: a randomized controlled trial. J.
Alzheimers Dis. 91, 805-814. doi: 10.3233/JAD-220953

Noguchi-Shinohara, M., Ono, K., Hamaguchi, T., Nagai, T., Kobayashi, S., Komatsu, J.,
etal. (2020). Safety and efficacy of Melissa officinalis extract containing rosmarinic acid
in the prevention of Alzheimer's disease progression. Sci. Rep. 10:18627. doi: 10.1038/
$41598-020-73729-2

Obulesu, M., and Rao, D. M. (2011). Effect of plant extracts on Alzheimer's disease:
an insight into therapeutic avenues. J Neurosci Rural Pract 2, 56-61. doi:
10.4103/0976-3147.80102

Ono, K., Hasegawa, K., Naiki, H., and Yamada, M. (2004). Curcumin has potent anti-
amyloidogenic effects for Alzheimer's beta-amyloid fibrils in vitro. J. Neurosci. Res. 75,
742-750. doi: 10.1002/jnr.20025

Pandey, D. K., Nandy, S., Mukherjee, A., and Dey, A. (2020). Advances in bioactive
compounds from Crocus sativus (saffron): structure, bioactivity and biotechnology. Stud.
Nat. Prod. Chem. 66, 273-304. doi: 10.1016/B978-0-12-817907-9.00010-6

Park, K. C,, Jin, H., Zheng, R., Kim, S., Lee, S. E., Kim, B. H,, et al. (2019). Cognition
enhancing effect of Panax ginseng in Korean volunteers with mild cognitive impairment:
arandomized, double-blind, placebo-controlled clinical trial. Transl Clin Pharmacol 27,
92-97. doi: 10.12793/tcp.2019.27.3.92

Park, H., Kang, S., Nam, E., Suh, Y. H., and Chang, K. A. (2019). The protective effects
of PSM-04 against Beta amyloid-induced neurotoxicity in primary cortical neurons and
an animal model of Alzheimer's disease. Front. Pharmacol. 10:2. doi: 10.3389/
fphar.2019.00002

Petrisor, G., Motelica, L., Craciun, L. N., Oprea, O. C,, Ficai, D., and Ficai, A. (2022).
Melissa officinalis: composition, pharmacological effects and derived release systems-a
review. Int. J. Mol. Sci. 23:3591. doi: 10.3390/ijms23073591

Pratiwi, Y. S., Rahmawati, R., and Sanjaya, Y. A. (2022). Potency of mangosteen
pericarp as source of antioxidant in tea to enhance immune system: a review. Nusantara
Sci. Technol. Proc., 277-282. doi: 10.11594/nstp.2022.2741

Qi, L. F, Liu, S, Liu, Y. C,, Li, P, and Xu, X. (2021). Ganoderic acid a promotes
amyloid-beta clearance (in vitro) and ameliorates cognitive deficiency in Alzheimer's
disease (mouse model) through autophagy induced by activating Axl. Int. J. Mol. Sci.
22:5559. doi: 10.3390/ijms22115559

Quinn, J. E, Raman, R., Thomas, R. G., Yurko-Mauro, K., Nelson, E. B., Van Dyck, C.,
etal. (2010). Docosahexaenoic acid supplementation and cognitive decline in Alzheimer
disease: a randomized trial. JAMA 304, 1903-1911. doi: 10.1001/jama.2010.1510

Rafii, M. S., Walsh, S,, Little, J. T., Behan, K., Reynolds, B., Ward, C,, et al. (2011). A
phase II trial of huperzine a in mild to moderate Alzheimer disease. Neurology 76,
1389-1394. doi: 10.1212/WNL.0b013e318216eb7b

Rainey-Smith, S. R., Brown, B. M., Sohrabi, H. R., Shah, T., Goozee, K. G., Gupta, V. B.,
etal. (2016). Curcumin and cognition: a randomised, placebo-controlled, double-blind
study of community-dwelling older adults. Br. J. Nutr. 115, 2106-2113. doi: 10.1017/
$0007114516001203

Rasi Marzabadi, L., Fazljou, S. M. B., Araj-Khodaei, M., Sadigh-Eteghad, S., Naseri, A., and
Talebi, M. (2022). Saffron reduces some inflammation and oxidative stress markers in
donepezil-treated mild-to-moderate Alzheimer's disease patients: a randomized double-
blind placebo-control trial. J. Herbal Med. 34:100574. doi: 10.1016/j.hermed.2022.100574

Raskind, M. A,, Peskind, E. R., Wessel, T., and Yuan, W. (2000). Galantamine in AD:
a 6-month randomized, placebo-controlled trial with a 6-month extension. The
Galantamine USA-1 study group. Neurology 54, 2261-2268. doi: 10.1212/wnl.54.12.2261

Rockwood, K., Mintzer, J., Truyen, L., Wessel, T., and Wilkinson, D. (2001). Effects of
a flexible galantamine dose in Alzheimer's disease: a randomised, controlled trial. J.
Neurol. Neurosurg. Psychiatry 71, 589-595. doi: 10.1136/jnnp.71.5.589

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1531278
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.2147/DDDT.S318515
https://doi.org/10.1080/10942912.2022.2070642
https://doi.org/10.3390/biom10010059
https://doi.org/10.1177/00912700122010483
https://doi.org/10.1001/jama.278.16.1327
https://doi.org/10.1159/000017242
https://doi.org/10.1159/000048668
https://doi.org/10.1097/WAD.0b013e31816c92e6
https://doi.org/10.1007/s00213-012-2848-0
https://doi.org/10.1016/j.imr.2021.100773
https://doi.org/10.1038/s41598-020-76938-x
https://doi.org/10.1016/j.exger.2016.10.004
https://doi.org/10.3389/fnagi.2023.1124710
https://doi.org/10.3389/fnagi.2023.1124710
https://doi.org/10.1016/j.biopha.2020.110887
https://doi.org/10.1016/j.biopha.2020.110887
https://doi.org/10.3390/ijms140714575
https://doi.org/10.3390/ijms140714575
https://doi.org/10.2174/1570159X17666191101125530
https://doi.org/10.2174/1570159X17666191101125530
https://doi.org/10.1016/j.cell.2019.09.001
https://doi.org/10.1016/j.jalz.2019.04.008
https://doi.org/10.1016/s0022-3956(97)00022-8
https://doi.org/10.1111/j.1468-1331.2006.01409.x
https://doi.org/10.1016/j.phymed.2021.153490
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.3390/molecules24152827
https://doi.org/10.1017/s1041610297004870
https://doi.org/10.1002/trc2.12292
https://doi.org/10.3233/JAD-171124
https://doi.org/10.3233/JAD-170161
https://doi.org/10.3233/JAD-220953
https://doi.org/10.1038/s41598-020-73729-2
https://doi.org/10.1038/s41598-020-73729-2
https://doi.org/10.4103/0976-3147.80102
https://doi.org/10.1002/jnr.20025
https://doi.org/10.1016/B978-0-12-817907-9.00010-6
https://doi.org/10.12793/tcp.2019.27.3.92
https://doi.org/10.3389/fphar.2019.00002
https://doi.org/10.3389/fphar.2019.00002
https://doi.org/10.3390/ijms23073591
https://doi.org/10.11594/nstp.2022.2741
https://doi.org/10.3390/ijms22115559
https://doi.org/10.1001/jama.2010.1510
https://doi.org/10.1212/WNL.0b013e318216eb7b
https://doi.org/10.1017/S0007114516001203
https://doi.org/10.1017/S0007114516001203
https://doi.org/10.1016/j.hermed.2022.100574
https://doi.org/10.1212/wnl.54.12.2261
https://doi.org/10.1136/jnnp.71.5.589

Hoang et al.

Santos, G. S., Sinoti, S. B. P, de Almeida, F. T. C,, Silveira, D., Simeoni, L. A., and
Gomes-Copeland, K. K. P. (2020). Use of galantamine in the treatment of
Alzheimer's disease and strategies to optimize its biosynthesis using the in vitro
culture technique. Plant Cell Tissue Org. Cult. 143, 13-29. doi: 10.1007/
$11240-020-01911-5

Sawda, C., Moussa, C., and Turner, R. S. (2017). Resveratrol for Alzheimer's disease.
Ann. N. Y. Acad. Sci. 1403, 142-149. doi: 10.1111/nyas.13431

Schneider, L. S., DeKosky, S. T., Farlow, M. R., Tariot, P. N, Hoerr, R., and Kieser, M.
(2005). A randomized, double-blind, placebo-controlled trial of two doses of Ginkgo
biloba extract in dementia of the Alzheimer's type. Curr. Alzheimer Res. 2, 541-551. doi:
10.2174/156720505774932287

Sheng, C., Peng, W,, Xia, Z. A., Wang, Y., Chen, Z., Su, N, et al. (2015). The impact of
ginsenosides on cognitive deficits in experimental animal studies of Alzheimer's disease:
a systematic review. BMC Complement. Altern. Med. 15:386. doi: 10.1186/
512906-015-0894-y

Shi, C,, Liu, J., Wu, E, and Yew, D. T. (2010). Ginkgo biloba extract in Alzheimer's
disease: from action mechanisms to medical practice. Int. J. Mol. Sci. 11, 107-123. doi:
10.3390/ijms11010107

Shin, K. Y., Lee, J. Y., Won, B. Y, Jung, H. Y., Chang, K. A., Koppula, S., et al. (2009).
BT-11 is effective for enhancing cognitive functions in the elderly humans. Neurosci.
Lett. 465, 157-159. doi: 10.1016/j.neulet.2009.08.033

Snitz, B. E.,, O'Meara, E. S., Carlson, M. C., Arnold, A. M., Ives, D. G., Rapp, S. R, et al.
(2009). Ginkgo biloba for preventing cognitive decline in older adults: a randomized
trial. JAMA 302, 2663-2670. doi: 10.1001/jama.2009.1913

Sterne, J. A. C., Savovic, J., Page, M. ], Elbers, R. G., Blencowe, N. S., Boutron, I, et al.
(2019). RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ
366:14898. doi: 10.1136/bm;j.14898

Tabeshpour, J., Mehri, S., Shaebani Behbahani, F, and Hosseinzadeh, H. (2018).
Protective effects of Vitis vinifera (grapes) and one of its biologically active constituents,
resveratrol, against natural and chemical toxicities: a comprehensive review. Phytother.
Res. 32, 2164-2190. doi: 10.1002/ptr.6168

Tariot, P. N., Solomon, P. R., Morris, J. C., Kershaw, P, Lilienfeld, S., and Ding, C.
(2000). A 5-month, randomized, placebo-controlled trial of galantamine in AD. The
Galantamine USA-10 study group. Neurology 54, 2269-2276. doi: 10.1212/
wnl.54.12.2269

Thal, L. J., Ferguson, J. M., Mintzer, J., Raskin, A., and Targum, S. D. (1999). A 24-week
randomized trial of controlled-release physostigmine in patients with Alzheimer's
disease. Neurology 52, 1146-1152. doi: 10.1212/wnl.52.6.1146

Thomas, J., Thomas, C. J., Radcliffe, J., and Itsiopoulos, C. (2015). Omega-3 fatty acids
in early prevention of inflammatory neurodegenerative disease: a focus on Alzheimer's
disease. Biomed. Res. Int. 2015:172801. doi: 10.1155/2015/172801

Tsolaki, M., Karathanasi, E., Lazarou, I, Dovas, K., Verykouki, E., Karakostas, A., et al.
(2016). Efficacy and safety of Crocus sativus L. in patients with mild cognitive
impairment: one year single-blind randomized, with parallel groups, clinical trial. J.
Alzheimers Dis. 54, 129-133. doi: 10.3233/JAD-160304

Tsolaki, M., Lazarou, E., Kozori, M., Petridou, N., Tabakis, I., Lazarou, I, et al. (2020).
A randomized clinical trial of Greek high phenolic early harvest extra virgin olive oil in
mild cognitive impairment: the MICOIL pilot study. J. Alzheimers Dis. 78, 801-817. doi:
10.3233/JAD-200405

Turner, R. S., Thomas, R. G., Craft, S., van Dyck, C. H., Mintzer, J., Reynolds, B. A,
etal. (2015). A randomized, double-blind, placebo-controlled trial of resveratrol for
Alzheimer disease. Neurology 85, 1383-1391. doi: 10.1212/WNL.0000000000002035

University of York (2009). Systematic reviews: CRD’s guidance for undertaking
reviews in health care. York: CRD, University of York.

van, C., Newhouse, P, Falk, W. E., and Mattes, J. A. (2000). Extended-release
physostigmine in Alzheimer disease: a multicenter, double-blind, 12-week study with

Frontiers in Aging Neuroscience

20

10.3389/fnagi.2024.1531278

dose enrichment. Physostigmine study group. Arch. Gen. Psychiatry 57, 157-164. doi:
10.1001/archpsyc.57.2.157

Wade, A. G., Farmer, M., Harari, G., Fund, N., Laudon, M., Nir, T, et al. (2014). Add-
on prolonged-release melatonin for cognitive function and sleep in mild to moderate
Alzheimer's disease: a 6-month, randomized, placebo-controlled, multicenter trial. Clin.
Interv. Aging 9, 947-961. doi: 10.2147/CIA.S65625

Wan, X., Wang, W,, Liu, ], and Tong, T. (2014). Estimating the sample mean and
standard deviation from the sample size, median, range and/or interquartile range. BMC
Med. Res. Methodol. 14:135. doi: 10.1186/1471-2288-14-135

Wang, L., Jin, G. E, Yu, H. H,, Lu, X. H,, Zou, Z. H., Liang, J. Q., et al. (2019). Protective
effects of tenuifolin isolated from Polygala tenuifolia Willd roots on neuronal apoptosis
and learning and memory deficits in mice with Alzheimer's disease. Food Funct. 10,
7453-7460. doi: 10.1039/c9f000994a

Wang, S., Kong, X., Chen, Z., Wang, G., Zhang, J., and Wang, J. (2022). Role of natural
compounds and target enzymes in the treatment of Alzheimer's disease. Molecules
27:4175. doi: 10.3390/molecules27134175

Wang, Y., Niu, X., and Peng, D. (2023). Eat for better cognition in older adults at risk
for Alzheimer's disease. Nutrition 109:111969. doi: 10.1016/j.nut.2022.111969

Wang, G. H., Wang, L. H., Wang, C., and Qin, L. H. (2018). Spore powder of
Ganoderma lucidum for the treatment of Alzheimer disease: a pilot study. Medicine
(Baltimore) 97:€0636. doi: 10.1097/MD.0000000000010636

Wilcock, G. K., Lilienfeld, S., and Gaens, E. (2000). Efficacy and safety of galantamine
in patients with mild to moderate Alzheimer's disease: multicentre randomised
controlled trial. Galantamine International-1 study group. BMJ 321, 1445-1449. doi:
10.1136/bmj.321.7274.1445

Xiao, M., Xiang, W., Chen, Y., Peng, N, Du, X,, Lu, S., et al. (2022). DHA ameliorates
cognitive ability, reduces amyloid deposition, and nerve Fiber production in Alzheimer's
disease. Front. Nutr. 9:852433. doi: 10.3389/fnut.2022.852433

Xu, Z. Q, Liang, X. M., Juan, W, Zhang, Y. E, Zhu, C. X,, and Jiang, X. J. (2012).
Treatment with Huperzine a improves cognition in vascular dementia patients. Cell
Biochem. Biophys. 62, 55-58. doi: 10.1007/s12013-011-9258-5

Xu, L., Yu, H.,, Sun, H,, Hu, B, and Geng, Y. (2020). Dietary melatonin therapy
alleviates the Lamina Cribrosa damages in patients with mild cognitive impairments: a
double-blinded, Randomized Controlled Study. Med Sci Monit 26:€923232. doi:
10.12659/MSM.923232

Yang, A., Liu, C., Wy, ], Kou, X,, and Shen, R. (2021). A review on alpha-mangostin
as a potential multi-target-directed ligand for Alzheimer's disease. Eur. J. Pharmacol.
897:173950. doi: 10.1016/j.¢jphar.2021.173950

Yi-Bin, W, Xiang, L., Bing, Y., Qi, Z., Fei-Tong, J., Minghong, W., et al. (2022).
Inhibition of the CEBPbeta-NFkappaB interaction by nanocarrier-packaged Carnosic
acid ameliorates glia-mediated neuroinflammation and improves cognitive function in
an Alzheimer's disease model. Cell Death Dis. 13:318. doi: 10.1038/s41419-022-04765-1

You, Y. X, Shahar, S., Rajab, N. E, Haron, H., Yahya, H. M., Mohamad, M., et al.
(2021). Effects of 12 weeks Cosmos caudatus supplement among older adults with mild
cognitive impairment: a randomized, double-blind and placebo-controlled trial.
Nutrients 13:434. doi: 10.3390/nu13020434

Yurko-Mauro, K., McCarthy, D., Rom, D., Nelson, E. B., Ryan, A. S., Blackwell, A.,
et al. (2010). Beneficial effects of docosahexaenoic acid on cognition in age-related
cognitive decline. Alzheimers Dement. 6, 456-464. doi: 10.1016/j.jalz.2010.01.013

Zheng, C., Rangsinth, P,, Shiu, P. H. T., Wang, W,, Li, R., Li, ], et al. (2023). A review
on the sources, structures, and pharmacological activities of Lucidenic acids. Molecules
28:1756. doi: 10.3390/molecules28041756

Zonder, J. A., Shields, A. E, Zalupski, M., Chaplen, R., Heilbrun, L. K., Arlauskas, P,
et al. (2001). A phase II trial of bryostatin 1 in the treatment of metastatic colorectal
cancer. Clin. Cancer Res. 7, 38-42. Available at: https://aacrjournals.org/clincancerres/
article/7/1/38/288169/A-Phase-II-Trial-of-Bryostatin-1-in-the-Treatment

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1531278
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1007/s11240-020-01911-5
https://doi.org/10.1007/s11240-020-01911-5
https://doi.org/10.1111/nyas.13431
https://doi.org/10.2174/156720505774932287
https://doi.org/10.1186/s12906-015-0894-y
https://doi.org/10.1186/s12906-015-0894-y
https://doi.org/10.3390/ijms11010107
https://doi.org/10.1016/j.neulet.2009.08.033
https://doi.org/10.1001/jama.2009.1913
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1002/ptr.6168
https://doi.org/10.1212/wnl.54.12.2269
https://doi.org/10.1212/wnl.54.12.2269
https://doi.org/10.1212/wnl.52.6.1146
https://doi.org/10.1155/2015/172801
https://doi.org/10.3233/JAD-160304
https://doi.org/10.3233/JAD-200405
https://doi.org/10.1212/WNL.0000000000002035
https://doi.org/10.1001/archpsyc.57.2.157
https://doi.org/10.2147/CIA.S65625
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1039/c9fo00994a
https://doi.org/10.3390/molecules27134175
https://doi.org/10.1016/j.nut.2022.111969
https://doi.org/10.1097/MD.0000000000010636
https://doi.org/10.1136/bmj.321.7274.1445
https://doi.org/10.3389/fnut.2022.852433
https://doi.org/10.1007/s12013-011-9258-5
https://doi.org/10.12659/MSM.923232
https://doi.org/10.1016/j.ejphar.2021.173950
https://doi.org/10.1038/s41419-022-04765-1
https://doi.org/10.3390/nu13020434
https://doi.org/10.1016/j.jalz.2010.01.013
https://doi.org/10.3390/molecules28041756
https://aacrjournals.org/clincancerres/article/7/1/38/288169/A-Phase-II-Trial-of-Bryostatin-1-in-the-Treatment
https://aacrjournals.org/clincancerres/article/7/1/38/288169/A-Phase-II-Trial-of-Bryostatin-1-in-the-Treatment

	Improving cognitive impairment through chronic consumption of natural compounds/extracts: a systematic review and meta-analysis of randomized controlled trials
	1 Introduction
	2 Methods
	2.1 Inclusion criteria
	2.2 Data sources
	2.3 Study selection
	2.4 Risk of bias and quality assessment
	2.5 Data collection
	2.6 Data synthesis

	3 Results
	3.1 Literature search
	3.2 Qualitative analysis and study characteristics
	3.3 Study quality
	3.4 Key results from the studies encompassed in the systematic review
	3.4.1 Primary findings from studies on natural extracts
	3.4.2 Major findings of studies on natural compounds
	3.5 Meta-analyses
	3.5.1 Subgroup analyses: effects of natural extracts and natural compounds
	3.5.2 Subgroup analyses: effects of terpenoids, phenols, and alkaloids

	4 Discussion
	4.1 Terpenoids
	4.2 Phenols
	4.3 Alkaloids
	4.4 Other classes
	4.5 Strengths and limitations

	5 Conclusion

	References

