Probiotic supplementation improved cognitive function in cognitively impaired and healthy older adults: A systematic review of recent trials

Abstract
Introduction: Recent evidence suggest that there is clear association between microbiota and cognitive functioning, which is known as microbiome-gut-brain axis. Probiotic bacteria consumption can alter human microbiota, therefore probiotic supplementation might affect the gut microbiota dynamics and influence cognitive function.
Methods: Four electronic databases including PubMed, ProQuest, and EBSCOHost databases were utilized. Manual hand search of article was also done. We selected randomized controlled trials articles that measure cognitive function (as the primary outcome) after intervention with probiotics supplementation on older adult population with AD, MCI, or healthy condition. The following terms and its variant were used: “probiotic”, “cognitive function”, “mild cognitive impairment”, “dementia”, and “Alzheimer’s disease”. 
Result: Nine of 10 included studies (AD, MCI, or healthy cognition population) showed cognitive function was improved significantly after probiotic supplementation compared to control group. One study that included severe AD did not show significant changes.
Conclusion: Most studies involving AD, MCI, or healthy older adults showed cognitive improvement in subjects treated with probiotics for 12-24 weeks.
Keywords: probiotic, cognitive function, older adults, dementia, cognitive impairment

Introduction
Aging is a biological process that leads to irreversible physiological and functional changes of the body, which also associated with deterioration of the body’s condition over the years. Aging also affects the nervous system and the brain causing changes in cognitive functioning. Slight deterioration in cognitive function is seen in normal aging, while in cognitive aging, there are mild cognitive impairment (MCI) and dementia [1]. Dementia is a clinical syndrome characterized by progressive decline in cognitive domains, including memory, language, executive and visuospatial function, behavior, and ability to perform activities of daily living [2].
Human gut microbiota is a dynamic ecosystem of complex microbial community within gastrointestinal system that consist of more than 30 trillion microorganism per person, which is influenced by multiple factors including genetics, diet, metabolism, age, geography, antibiotic consumption, and stress [1,3]. It has pivotal roles in anatomical, physiological, and immunological function of the host. The gut microbiota was altered in its composition and function as people age. Recent evidence suggest that there is clear association between microbiota and cognitive functioning, which is known as microbiome-gut-brain axis [4]. Microbiota ecosystem is very dynamic environment, which is in constant state of flux across a person’s lifespan. Compared to younger individuals, older adult’s microbiome has lower diversity. Particular studies showed there was a decrease of beneficial Lactobacillus and Bifidobacterium as people aged [5,6]. During aging, aforementioned alterations in microbiota might contribute to inflammaging, which speed up the aging process and other disorders, including dementia, heart disease, osteoporosis, and type 2 diabetes mellitus [7–9]. This bidirectional relationship between gut and brain linked gut microbiota to neurodegenerative disease, such as Alzheimer’s Disease (AD), Autism Spectrum Disorder (ASD, addiction, Attention Deficit Hyperactivity Disorder (ADHD) and mood disorders [10–12]. These interactions is complex, involving neural, endocrinological, and immunological mediators, which might have become an essential target for improving neurodegenerative disease and overall brain health. One of the factors that can alter human gut microbiota is probiotic bacteria consumption. Probiotic supplementation might affect the gut microbiota dynamics and influence cognitive function [3]. Probiotics were shown to have considerable impact on various central nervous system mechanism, including neurotransmitter release, neurogenesis, neuronal survival, neuropeptides expression, synaptic plasticity, neuroinflammation, microglia functioning, dentritic growth, hippothallamus-pituitary-axis communication, blood-brain-barrier (BBB) permeability and neurobehavior [7]. This paper aim to explore recent studies involving probiotics utilization for cognitive function among older adults.

Methods
This review was conducted according to PRISMA guidelines and Cochrane Handbook for Systematic Reviews of Interventions. This study protocol has been registered in PROSPERO (CRD42022359481). 
Eligibility Criteria
We identified studies that investigate probiotics utilization for cognitive function improvements in older adults. We selected research articles that measure cognitive outcomes (as the primary outcome) after intervention with probiotics supplementation on older adult population with AD, MCI, or healthy condition. Only randomized controlled trials (RCT) will be considered. 
Search Strategy
We utilized four electronic databases including PubMed, ProQuest, and EBSCOHost databases. Additionally, we also handsearched the reference lists of the included studies to identify relevant studies. The literature was searched using following terms and its variants to maximize the sensitivity of identified studies: “probiotic”, “cognitive function”, “mild cognitive impairment”, “dementia”, and “Alzheimer’s disease” until September 2022. There were no language restrictions applied. Full search strategy was presented in Supplementary Material 1.
Data Selection, Extraction, and Synthesis
The identified studies were compiled, and duplicates removal was done using Mendeley Reference Manager. The studies were screened for eligibility criteria according to the e-titles and abstracts. Full text assessment was done for potentially relevant studies after the screening. The quality of studies was assessed using RoB 2 for randomized controlled trials.
Data from selected studies were extracted and cross-checked for qualitative synthesis. The following data were extracted: author, year of study, country, study design, duration of studies, number of participants and allocation, intervention characteristics, and the results of the interventions, including cogintive assessment results as primary outcomes. 

Results
A total of 10 studies were selected in the end after screening and assessment of eligibility criteria (Figure 1). Emerging evidence suggests that probiotics have considerable impacts on various cognitive function via microbiome-gut-brain axis, mainly focused on MCI and AD in previous studies (Table 1) [3,4,13–20]. The intervention of probiotics in healthy older adults’ cognitive function is still underexplored but continuing to increase. Quality of studies was presented in Table 2.
Probiotics on Older Adults with Alzheimer’s Disease
Akbari et al. found that after 12 weeks of probiotic supplementation, it has favorable effects on Mini-Mental State Examination (MMSE) score, malondialdehyde (MDA), hs-CRP, insulin and triglyceride level in patients with AD after supplementation with L. acidophilus, L. casei, L. fermentum and B. bifidum [3]. An improvement in MMSE score was also seen in AD group treated with L. acidophilus, B. bifidum, B. longum and selenium in Tamtaji et al. study [13].  In contrast, Agahi et al. did not find significant impact of probiotics on cognition in a study involving AD individuals (majority with severe AD) and also did not pronouncedly influenced either inflammatory (TNF-α and IL-6) and anti-inflammatory (IL-10) factors [14].
Probiotics on Older Adults with Mild Cognitive Impairment
Kobayashi et al. conducted study involving older adults using Bifidobacterium breve A1 [17,21]. Cognitive improvement was seen, but there was no significant difference in overall MMSE and Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) results, however, the subscale of ‘immediate memory’ was improved in probiotic groups significantly. Xiao et al. found that after 16 weeks of B. breve A1 supplementation, RBANS total score was significantly improved in probiotic group compared with placebo, especially in certain cognitive domain including immediate memory, visuospatial, and delayed memory [16]. Handajani et al. utilized tempeh probiotic identified as Limosilactobacillus fermentum supplemented to older adults with impairment in immediate recall and resulting significant increase of cognitive domains of memory, learning process, and verbal fluency in groups treated with higher concentration of probiotics (108 CFU/mL) [18]. Another processed soybean products containing Lactobacillus plantarum C29 was used in Hwang et al. study and it improved combined cognitive functions (especially attention domain) and increased serum BDNF levels in older adults with MCI [15].
Probiotics on Healthy Older Adults
A study by Kim et al. involving older adults, in the probiotic group, there is shifting of microbiota composition resulting in reduction of proinflammatory bacteria including Eubacterium, Allisonella, and Prevotellaceae [4]. In their study, probiotics group showed greater improvement in mental flexibility test, stress score, and increased serum BDNF level compared to control group. Inoue et al. also found cognitive function improvement using flanker task and Montreal Cognitive Assessment Instrument Japanese (MoCA-J) scores compared to placebo group, also, probiotics also reduced depression-anxiety scores significantly among healthy older adults [20]. Chung et al. found significant greater cognitive test results but no significant effects of BDNF compared to placebo [19].

Discussion
In molecular level, microbiome plays an important role in synaptic transmission shown by bacteria capable of producing neurotransmitter and neuromodulators including gamma-aminobutyric acid (GABA), norepinephrine, serotonin, dopamine, acetylcholine, tryptophan, brain derived neurotrophic factor (BDNF), which an important neurotrophic factor for synaptic formation, plasticity, neuroimmune response and neural survival [1,3]. Lactic acid bacteria (LAB) has gene that encode glutamate decarboxylase that is involved in GABA synthesizing. GABA concentration in the frontal cortex declines as people age, therefore might cause cognitive decline. Therefore, intervention such as antibiotics, pathogens, and nutrition are expected to affect the composition of gut microbiota and physiological function of the gut, which in turn will alter cognitive function and changes the risk of AD or MCI [14]. Agahi et al, study did not show any significance of probiotics supplementation toward cognitive function and inflammatory cytokines, including TNF-α and IL-6 [14]. Inflammatory cytokines such as TNF-α, is the main element in inflammatory cascade that increase amyloid-ß and tau pathology in AD. Another inflammatory biomarker that need to be considered is S100A12 and neopterin, which are known as intestinal and systemic inflammatory biomarker respectively. In Leblhuber et al. there was correlation between fecal S100A12 and neopterin in AD [22]. Probiotic supplementation combined with selenium in Tamtaji et al resulted in significant increase in MMSE score compared to placebo or selenium only supplementation [13]. Selenium-enriched yeast supplementation in long term was found to increase cognitive function and mitigating tau pathology in mouse model with AD [23]. Selenium intake may also improve normal cellular function by reducing pro-inflammatory mediators and increase antioxidants levels in the brain [24]. Modifying gut probiotic composition by probiotic supplementation might contribute to a prevention and therapy methods of Alzheimer’s Disease (AD) [25]. Oral consumption of probiotics can alter GM by increasing the diversity and number of beneficial microbes, causing changes in the production of probiotic derivatives, reducing inflammation, changing HPA axis function, and altering gut barrier integrity [26]. Therefore, by utilizing GBA, probiotics could provide an opportunity for central nervous system (CNS) modulation and serve as a possible therapeutic adjunct for some CNS-related conditions [27]. Wang et al. (2020) and Yang et al. (2020) also stated that probiotics could change gut dysbiosis and microbiota, improve cognitive function decline, decrease Aβ levels in the hippocampus (associated with the pathophysiology of AD), maintain neuronal structural integrity and plasticity, and reduce trimethylamine-n-oxide (TMAO) synthesis and neuroinflammation [28,29].
Four studies involving MCI older adults showed improvement of particular cognitive domain, mostly immediate memory; visuospatial, delayed memory, verbal fluency, attention and learning process were also included. Cognitive domain that are usually impaired in MCI and AD include ‘immediate memory’, ‘attention’, and ‘delayed memory’, therefore, probiotics might be effective in treating MCI and early stage of dementia [17]. Medial temporal lobe (MTL) and hippocampus are essentials for short-term and long-term memory and demonstrated to be smaller in volume on MCI older adults. Xiao et al. and Kobayashi et al. utilized B. breve A1 in their study and consumption of B. breve A1 was suggested to cause changes to MTL and hippocampus of MCI individuals. Consumption of B.breve A1 was also shown to decrease hippocampal gene expression of pro-inflammation-related genes in mouse AD model and shifting the gut microbiota towards less pro-inflammatory gut bacteria species [7,21]. Tempeh, which was used in Handajani et al. study, is Indonesian’s staple food enriched with nutrients including probiotics, it is also cost efficient and can be afforded by most Indonesians. Therefore, frequent eating of tempeh provides constant supplementation of probiotics might benefits older adults and found to be quite feasible from medical and cost-efficiency perspective, especially among Indonesians. L. fermentum in tempeh also plays role in reducing neuroinflammation and memory decline caused by lippolysaccharides of bacteria (LPS), increasing neuromodulators and inhibition of acetylcholine esterase (AChE) activity [30]. Another soybean-fermented product was used by Hwang et al., which contain L. plantarum C29 resulting in improved cognitive ability and increased BDNF levels [15]. BDNF function as modulator of synaptic transmission and neuronal plasticity, and also plays role in neuroinflammation and neuronal survival. The proposed method on how gut microbiota could influence the BDNF levels were on activation of G protein coupled receptors (GPCRs) through production of metabolites (such as short-chain fatty acids) by microbiota and generation of neurotransmitter, such as GABA [31].
+ After probiotic supplementation, Kim et al. study showed reduction the reduction of Eubacterium, Alisonella, and Prevotellaceae, the pro-inflammatory bacteria, which were associated with autoimmune disease and intestinal inflammation in mice [4]. Probiotic supplementation in healthy older adults may affect inflammaging, a chronic low-grade inflammatory status in older adults by altering gut microbiota. These inflammation-mediated pathways might initiate neuroinflammation by modulating glial cells resulting in cognitive decline. Conducting research to prove cognitive improvement in healthy older adults theoretically might be challenging due to higher baseline cognitive assessment score (ceiling effects), however, three studies found in this review showed that there was significantly greater cognitive assessment scores compared to control group.

Conclusion
Most studies involving AD, MCI, or healthy older adults showed cognitive improvement in subjects treated with probiotics for 12-24 weeks. Some inconsistent effects of supplementation of probiotics on neurological disorders in older adults must not be interpreted as paradoxical results. Age and severity of cognitive decline must be considered in future studies. Most studies also using smaller sample (less than 100), different defined population, interventions, and measurement outcome, therefore, further studies involving larger samples is needed.
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Table 1. Summary of studies involving probiotics to improve cognitive function of older adults
	No.
	Author, Year
	Design of Study
	Duration of Study
	Population of Study
	Supplementation Involved
	Main Findings

	Alzheimer’s Disease

	1
	Tamtaji OR, et al. 2018[13]
	RCT
	12 weeks
	79 older adults with AD; 26 in control group; 27 in probiotic+selenium group; 26 in selenium group
	Lactobacillus acidophilus, Bifidobacterium bifidum, Bifidobacterium longum, and selenium
	Probiotic and selenium combination resulted in significant increase in MMSE scores (p<0.001) compare to selenium only and placebo.

	2
	Akbari E, et al., 2016[3]
	RCT
	12 weeks
	60 Alzheimer’s disease patients; 30 in control group; 30 in probiotic group
	Lactobacillus acidophilus, Lactobacillus casei, Bifidobacterium bifidum, and Lactobacillus fermentum
	The probiotic treated patients (+27.90% ± 8.07) showed significant improvement in MMSE score compared to control group (-5.03% ± 3.00)

	3
	Agahi A, et al., 2018[14]
	RCT
	12 weeks
	48 older adults with AD; 23 in control group; 25 in probiotic group
	Lactobacillus fermentum, Lactobacillus plantarum, Bifidobacterium lactis, Lactobacillus acidophilus, Bifidobacterium bifidum, and Bifidobacterium longum.
	There was no significant difference in cognitive test between both groups. Severe AS are insensitive to probiotic supplementation.

	Mild Cognitive Impairment

	4
	Hwang YH, et al., 2019[15]
	RCT
	12 weeks
	100 older adults with MCI; 50 in control group; 50 in probiotic group
	Lactobacillus plantarum C29-fermented soybean
	There was greater improvements in the combined cognitive functions (p=0.02), especially in attention domain.

	5
	Jinzhong X, et al., 2020[16]
	RCT
	16 weeks
	80 older adults with MCI; 40 in control group; 40 in probiotic group
	Bifidobacterium breve A1 (MCC1274)
	RBANS total score was significantly improved in probiotic group compared to placebo (MD: 11.3, p<0.001)

	6
	Kobayashi Y, et al., 2019[17]
	RCT
	12 weeks
	121 older adults with MCI; 60 in control group; 61 in probiotic group
	Bifidobacterium breve A1
	There was no difference in RBANS and MMSE score between both groups at 12 weeks, however there was significant difference in subscale of RBANS and MMSE.

	7
	Handajani YS, et al., 2022[18]
	RCT
	12 weeks
	93 older adults with cognitive impairment; 28 in control group; 33 in probiotic group; 32 in diluted probiotic group
	Limosilactobacillus fermentum
	Administration of probiotic increase cognitive domains of memory, learning process, and verbal fluency (p<0.05), while there is only increase of memory in the control group.

	Healthy Older Adults

	8
	Kim CS, et al., 2021[4]
	RCT
	12 weeks
	63 older adults; 31 in control group; 32 in probiotic group
	Bifidobacterium bifidum BGN4 and Bifidobacterium longum BORI
	The probiotic group showed greater improvement in mental flexibility test and stress score than placebo (p<0.05)

	9
	Chung YC, et al., 2014[19]
	RCT
	12 weeks
	36 older adults; 10 in control group; 10 in probiotic 500 mg; 7 in probiotic 1000 mg; 9 in probiotic 2000 mg
	Lactobacillus helveticus IDCC3801
	The administration of probiotic produced improvement on cognitive test compared to control group.

	10
	Inoue T, et al., 2018[20]
	RCT
	12 weeks
	39 older adults; 19 in control group; 20 in probiotic group
	Bifidobacterium longum subsp. longum BB536, B. longum subsp. infantis M-63, Bifidobacterium breve M-16V, and B.breve B-3.
	MoCA-J scores increase significantly in both groups, while flanker test increased more significantly in probiotic groups.


MMSE, Mini-Mental State Examination; MCI, Mild Cognitive Impairment; RBANS, Repeatable Battery for the Assessment of Neuropsychological Status; MD, Mean Difference; MoCA-J, Montreal Cognitive Assessment Instrument Japanese.

Table 2. Assessment of quality of the included studies
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Figure 1. PRISMA Flow Diagram
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Supplementary Material 1. Search Strategy
	
	Concept 1
	Concept 2
	Concept 3

	Key Concepts
	Probiotic Supplementation
	Cognitive Function
	Older Adults

	Controlled vocabulary terms / Subject terms
	“Probiotics” [MeSH Terms] OR “Microbiota” [MeSH Terms]
	“Cognition” [MeSH Terms] OR “Neuropsychological Test” [MeSH Terms] OR “Cognitive Dysfunction” [MeSH Terms] OR “Cognitive Aging” [MeSH Terms] OR “Alzheimer Disease” [MeSH Terms] OR “Dementia” [MeSH Terms] OR “Mental Status and Dementia Tests” [MeSH Terms]
	“Aged” [MeSH Terms], 

	Free text terms / natural language terms
	Probiotics [Text Word] OR Microbiota [Text Word] OR
	Mild Cognitive Impairment [Text Word], Healthy Cognition [Text Word], Normal Cognitive Function [Text Word], Cognitive Impairment [Text Word], Cognitive Function [Text Word], Neurocognitive Test [Text Word], Mini-Mental State Examination [Text Word], Cognitive Assessment Screening Instrument [Text Word]
	Older Adults [Text Word], Elderly [Text Word], Senile [Text Word]


Each concept will be joined together using AND as search startegy for all databases.




PUBMED (Identified articles: 42)
	Search Number
	Query
	Filters
	Results

	1
	(((probiotics[MeSH Terms]) OR (microbiota[MeSH Terms])) OR (Probiotics[Text Word])) OR (microbiota[Text Word])
	None
	126,884

	2
	((((((((((((((cognition[MeSH Terms]) OR (neuropsychological test[MeSH Terms])) OR (Cognitive Dysfunction[MeSH Terms])) OR (Cognitive Aging[MeSH Terms])) OR (Alzheimer Disease[MeSH Terms])) OR (Dementia[MeSH Terms])) OR (Mental Status and Dementia Tests[MeSH Terms])) OR (Mild Cognitive Impairment[Text Word])) OR (Healthy Cognition[Text Word])) OR (Normal Cognitive Function[Text Word])) OR (Cognitive Impairment[Text Word])) OR (Cognitive Function[Text Word])) OR (Neurocognitive Test[Text Word])) OR (Mini-Mental State Examination[Text Word])) OR (Cogntiive Assessment Screening Instrument[Text Word])
	None
	579,087

	3
	(((aged[MeSH Terms]) OR (Older Adults[Text Word])) OR (Elderly[Text Word])) OR (Senile[Text Word])
	None
	3,520,827

	4
	(((((probiotics[MeSH Terms]) OR (microbiota[MeSH Terms])) OR (Probiotics[Text Word])) OR (microbiota[Text Word])) AND (((((((((((((((cognition[MeSH Terms]) OR (neuropsychological test[MeSH Terms])) OR (Cognitive Dysfunction[MeSH Terms])) OR (Cognitive Aging[MeSH Terms])) OR (Alzheimer Disease[MeSH Terms])) OR (Dementia[MeSH Terms])) OR (Mental Status and Dementia Tests[MeSH Terms])) OR (Mild Cognitive Impairment[Text Word])) OR (Healthy Cognition[Text Word])) OR (Normal Cognitive Function[Text Word])) OR (Cognitive Impairment[Text Word])) OR (Cognitive Function[Text Word])) OR (Neurocognitive Test[Text Word])) OR (Mini-Mental State Examination[Text Word])) OR (Cogntiive Assessment Screening Instrument[Text Word]))) AND ((((aged[MeSH Terms]) OR (Older Adults[Text Word])) OR (Elderly[Text Word])) OR (Senile[Text Word]))
	None
	240

	5
	(((((probiotics[MeSH Terms]) OR (microbiota[MeSH Terms])) OR (Probiotics[Text Word])) OR (microbiota[Text Word])) AND (((((((((((((((cognition[MeSH Terms]) OR (neuropsychological test[MeSH Terms])) OR (Cognitive Dysfunction[MeSH Terms])) OR (Cognitive Aging[MeSH Terms])) OR (Alzheimer Disease[MeSH Terms])) OR (Dementia[MeSH Terms])) OR (Mental Status and Dementia Tests[MeSH Terms])) OR (Mild Cognitive Impairment[Text Word])) OR (Healthy Cognition[Text Word])) OR (Normal Cognitive Function[Text Word])) OR (Cognitive Impairment[Text Word])) OR (Cognitive Function[Text Word])) OR (Neurocognitive Test[Text Word])) OR (Mini-Mental State Examination[Text Word])) OR (Cogntiive Assessment Screening Instrument[Text Word]))) AND ((((aged[MeSH Terms]) OR (Older Adults[Text Word])) OR (Elderly[Text Word])) OR (Senile[Text Word]))
	Books and Documents, Classical Article, Clinical Conference, Clinical Study, Clinical Trial, Clinical Trial, Phase I, Clinical Trial, Phase II, Clinical Trial, Phase III, Clinical Trial, Phase IV, Comparative Study, Controlled Clinical Trial, Multicenter Study, Observational Study, Randomized Controlled Trial
	42



EBSCOHost (Identified Articles: 2,713)
	Search Number
	Query
	Filters
	Results

	1
	(MM "Probiotics+") OR (MM "Microbiota+") OR TX Probiotics OR TX Microbiota
	None
	170,168

	2
	(MM "Cognition+") OR (MM "Neuropsychological Test+") OR (MM "Cognitive Dysfunction+") OR (MM "Cognitive Aging+") OR (MM "Alzheimer Disease+") OR (MM "Dementia+") OR ( (MM "Mental Status and Dementia Tests+") ) OR TX Mild Cognitive Impairment OR TX Healthy Cognition OR TX Normal Cognitive Function OR TX Cognitive Impairment OR TX Cognitive Function 
	None
	712,767

	3
	TX Neurocognitive Test OR TX Mini-Mental State Examination OR TX Cogntiive Assessment Screening Instrument 
	None
	72,917

	4
	(TX Neurocognitive Test OR TX Mini-Mental State Examination OR TX Cogntiive Assessment Screening Instrument) AND (S2 OR S3) 
	None
	726,796

	5
	(MM "Aged+") OR TX Older Adults OR TX Elderly OR TX Senile 
	None
	1,116,544

	6
	((MM "Aged+") OR TX Older Adults OR TX Elderly OR TX Senile) AND (S1 AND S4 AND S5) 
	None
	2,713



ProQuest (Identified Article: 6560)
	Search Number
	Query
	Filters
	Results

	1
	(mainsubject(Probiotics) OR mainsubject(Microbiota) OR ft(Probiotic) OR ft(Microbiota)
	None
	227,787

	2
	(mainsubject(Cognition) OR mainsubject(Neuropsychological Test) OR mainsubject(Cognitive Dysfunction) OR mainsubject(Cognitive Aging) OR mainsubject(Alzheimer Disease) OR mainsubject(Dementia) OR mainsubject(Mental Status AND Dementia Tests) OR ft(Mild Cognitive Impairment) OR ft(Healthy Cognition) OR ft(Normal Cognitive Function)) OR (ft(Cognitive Impairment) OR ft(Cognitive Function ) OR ft(Neurocognitive Test ) OR ft(Mini-Mental State Examination) OR ft(Cognitive Assessment Screening Instrument ))
	None
	1,333,536

	3
	(mainsubject(Probiotics) OR mainsubject(Microbiota) OR ft(Probiotic) OR ft(Microbiota)) AND ((mainsubject(Cognition) OR mainsubject(Neuropsychological Test) OR mainsubject(Cognitive Dysfunction) OR mainsubject(Cognitive Aging) OR mainsubject(Alzheimer Disease) OR mainsubject(Dementia) OR mainsubject(Mental Status AND Dementia Tests) OR ft(Mild Cognitive Impairment) OR ft(Healthy Cognition) OR ft(Normal Cognitive Function)) OR (ft(Cognitive Impairment) OR ft(Cognitive Function ) OR ft(Neurocognitive Test ) OR ft(Mini-Mental State Examination) OR ft(Cognitive Assessment Screening Instrument ))) AND (mainsubject(Aged) OR ft(Older Adults) OR ft(Elderly) OR ft(Senile))
	None
	6,560
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