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[bookmark: _Toc177244329]eTable 1. Search Strategy: PubMed
	#1
	"Cognitive Dysfunction"[Mesh]

	#2
	(((((((((((((((((((((((Cognitive Dysfunctions[Title/Abstract]) OR (Dysfunction, Cognitive[Title/Abstract])) OR (Dysfunctions, Cognitive[Title/Abstract])) OR (Cognitive Impairments[Title/Abstract])) OR (Cognitive Impairment[Title/Abstract])) OR (Impairment, Cognitive[Title/Abstract])) OR (Impairments, Cognitive[Title/Abstract])) OR (Cognitive Disorder[Title/Abstract])) OR (Cognitive Disorders[Title/Abstract])) OR (Disorder, Cognitive[Title/Abstract])) OR (Disorders, Cognitive[Title/Abstract])) OR (Mild Cognitive Impairment[Title/Abstract])) OR (Cognitive Impairment, Mild[Title/Abstract])) OR (Impairment, Mild Cognitive[Title/Abstract])) OR (Impairments, Mild Cognitive[Title/Abstract])) OR (Cognitive Decline[Title/Abstract])) OR (Cognitive Declines[Title/Abstract])) OR (Decline, Cognitive[Title/Abstract])) OR (Declines, Cognitive[Title/Abstract])) OR (Mental Deterioration[Title/Abstract])) OR (Deteriorations, Mental[Title/Abstract])) OR (MCI[Title/Abstract])) OR (Cognitive Decline[Title/Abstract]) 

	#3
	#1 OR #2

	#4
	"trimethyloxamine" [Supplementary Concept]

	#5
	(((trimethylammonium oxide[Title/Abstract]) OR (trimethylamine N-oxide[Title/Abstract])) OR (TMAO[Title/Abstract])) OR (trimethylamine oxide[Title/Abstract])

	#6
	((((Carnitine[Title/Abstract]) OR (Betaine[Title/Abstract])) OR (Creatinine[Title/Abstract])) OR (choline[Title/Abstract]))

	#7
	#4 OR #5 OR #6

	#8
	#3 AND #7


 
[bookmark: _Toc177244330]eTable 2. Search Strategy: Embase
	#1
	'cognitive defect'/exp

	#2
	'cognitive dysfunction':ab,ti,kw

	#3
	'cognitive dysfunctions':ab,ti,kw

	#4
	'dysfunction, cognitive':ab,ti,kw

	#5
	'dysfunctions, cognitive':ab,ti,kw

	#6
	'cognitive impairment':ab,ti,kw

	#7
	'cognitive impairments':ab,ti,kw

	#8
	'impairments, cognitive':ab,ti,kw

	#9
	'impairment, cognitive':ab,ti,kw

	#10
	'cognitive disorder':ab,ti,kw

	#11
	'cognitive disorders':ab,ti,kw

	#12
	'disorder, cognitive':ab,ti,kw

	#13
	'disorders, cognitive':ab,ti,kw

	#14
	'mild cognitive impairment':ab,ti,kw

	#15
	'cognitive impairment, mild':ab,ti,kw

	#16
	'impairment, mild cognitive':ab,ti,kw

	#17
	'impairments, mild cognitive':ab,ti,kw

	#18
	'cognitive declines':ab,ti,kw

	#19
	'declines, cognitive':ab,ti,kw

	#20
	'decline, cognitive':ab,ti,kw

	#21
	'mental deterioration':ab,ti,kw

	#22
	'deteriorations, mental':ab,ti,kw

	#23
	'mci':ab,ti,kw

	#24
	'cognitive decline':ab,ti,kw

	#25
	#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24   

	#26
	'trimethylamine oxide'/exp

	#27
	'choline':ab,ti,kw

	#28
	'betaine':ab,ti,kw

	#29
	'carnitine':ab,ti,kw

	#30
	'tmao':ab,ti,kw

	#31
	'trimethylamine n-oxide':ab,ti,kw

	#32
	'trimethylammonium oxide':ab,ti,kw

	#33
	'trimethylamine-n-oxide':ab,ti,kw

	#34
	#26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33

	#35
	#25 AND #34


 
[bookmark: _Toc177244331]eTable 3. Search Strategy: Web of Science
	#1
	((((TS=(Cognitive Dysfunction)) OR TS=(Cognitive Dysfunctions)) OR TS=(dysfunction, cognitive)) OR TS=(dysfunctions, cognitive)) OR TS=(cognitive impairment) OR TS=(impairments, cognitive) OR TS=(impairment, cognitive) OR TS=(cognitive disorder) OR TS=(cognitive disorders) OR TS=(disorder, cognitive) OR TS=(disorders, cognitive) OR TS=(mild cognitive impairment) OR TS=(cognitive impairment, mild) OR TS=(mental deterioration) OR TS=(deteriorations, mental) OR TS=(impairments, mild cognitive) OR TS=(declines, cognitive) OR TS=(decline, cognitive) OR TS=(impairment, mild cognitive) OR TS=(cognitive declines) OR TS=(cognitive decline) OR TS=(mci)

	#2
	((((TS=(trimethylamine oxide)) OR TS=(trimethylamine n-oxide)) OR TS=(tmao)) OR TS=(trimethylammonium oxide)) OR TS=(trimethylamine-n-oxide) OR TS=(choline) OR TS=(betaine) OR TS=(carnitine) 

	#3
	#1 AND #2









[bookmark: _Toc177244332]eTable 4. Agency for healthcare research and quality (AHRQ) checklist (cross-sectional) for studies
	Study
	Items scored
	Total score
	Quality

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	
	

	Liu2021
	1
	1
	1
	1
	0
	1
	1
	1
	0
	0
	0
	7
	Moderate

	Xu2022
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0
	6
	Moderate

	Nida2022
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	5
	Moderate


Footnote:*=Conference paper; 0: no, 1: yes, overall risk of bias: low (score >8), moderate (score 6-8), or high (score ≤5). Items scored: 1) Define the source of information (survey, record review); 2) List inclusion and exclusion criteria for exposed and unexposed subjects (cases and controls) or refer to previous publications; 3) Indicate time period used for identifying patients; 4) Indicate whether or not subjects were consecutive if not population-based; 5) Indicate if evaluators of subjective components of study were masked to other aspects of the status of the participants; 6) Describe any assessments undertaken for quality assurance purposes (e.g., test/retest of primary outcome measurements); 7)Explain any patient exclusions from analysis; 8) Describe how confounding was assessed and/or controlled; 9) If applicable, explain how missing data were handled in the analysis; 10) Summarize patient response rates and completeness of data collection; 11) Clarify what follow-up, if any, was expected and the percentage of patients for which incomplete data or follow-up was obtained.
	[bookmark: _Toc177244333]eTable 5. Results of quality assessment obtained with the Newcastle-Ottawa Scale19 for cohort studies.

	Author name
	Study design
	Selection
	Comparability
	Outcome
	Final score

	
	
	Representativeness of the exposed cohort
	Selection of the non-exposed cohort
	Ascertainment of exposure
	Demonstration that outcome of interest was not present at start of study
	
	Assessment of outcome
	Was follow-up long enough for outcomes to occur
	Adequacy of follow up of cohorts
	

	Marcia2022
	cohort study
	1
	1
	1
	1
	1
	1
	0
	1
	7

	Wang2023
	cohort study
	0
	0
	1
	1
	1
	1
	1
	1
	6

	Chen2019
	cohort study
	0
	0
	1
	1
	2
	1
	1
	1
	7

	Torres2022
	cohort study
	1
	0
	0
	1
	1
	1
	1
	0
	5

	Shih2024
	cohort study
	0
	0
	1
	1
	1
	1
	0
	0
	4

	Zhong2021
	cohort study
	1
	1
	0
	1
	2
	1
	1
	0
	7

	
	
	
	
	
	
	
	
	
	
	



[bookmark: _Toc177244334]Figure 1 Dose-response relationship plots for linear models[image: dose最新]
[bookmark: _Toc177244335]Figure 2 Dose-response relationship plots for non-linear models [image: ]
[image: ]
[bookmark: _Toc177244336]Figure 3 Odds ratio and 95% confidence interval of dietary choline levels for cognitive impairment
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Figure 4 Odds ratio and 95% confidence interval of plasma choline levels for cognitive impairment

[bookmark: _Toc177244338][image: ]

Figure 5 Odds ratio and 95% confidence interval of plasma betaine levels for cognitive impairment





[bookmark: _Toc177244339]Supplementary eTable 6: The PRISMA checklist of this meta-analysis
	Section and Topic 
	Item #
	Checklist item 
	Location where item is reported 

	TITLE 
	

	Title 
	1
	Identify the report as a systematic review.
	1

	ABSTRACT 
	

	Abstract 
	2
	See the PRISMA 2020 for Abstracts checklist.
	1

	INTRODUCTION 
	

	Rationale 
	3
	Describe the rationale for the review in the context of existing knowledge.
	2

	Objectives 
	4
	Provide an explicit statement of the objective(s) or question(s) the review addresses.
	2

	METHODS 
	

	Eligibility criteria 
	5
	Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
	3

	Information sources 
	6
	Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the date when each source was last searched or consulted.
	2-3

	Search strategy
	7
	Present the full search strategies for all databases, registers and websites, including any filters and limits used.
	Supplementary eTable 1-3

	Selection process
	8
	Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
	3

	Data collection process 
	9
	Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the process.
	3

	Data items 
	10a
	List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
	3

	
	10b
	List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any assumptions made about any missing or unclear information.
	3

	Study risk of bias assessment
	11
	Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process.
	3

	Effect measures 
	12
	Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results.
	3

	Synthesis methods
	13a
	Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and comparing against the planned groups for each synthesis (item #5)).
	3.

	
	13b
	Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data conversions.
	3

	
	13c
	Describe any methods used to tabulate or visually display results of individual studies and syntheses.
	3

	
	13d
	Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
	3

	
	13e
	Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression).
	3

	
	13f
	Describe any sensitivity analyses conducted to assess robustness of the synthesized results.
	3

	Reporting bias assessment
	14
	Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).
	3

	Certainty assessment
	15
	Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.
	3

	RESULTS 
	

	Study selection 
	16a
	Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in the review, ideally using a flow diagram.
	4

	
	16b
	Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.
	Fig1

	Study characteristics 
	17
	Cite each included study and present its characteristics.
	4, and table 1.

	Risk of bias in studies 
	18
	Present assessments of risk of bias for each included study.
	5

	Results of individual studies 
	19
	For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
	4-5, table2, and figure2-3.

	Results of syntheses
	20a
	For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.
	5

	
	20b
	Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
	4-5

	
	20c
	Present results of all investigations of possible causes of heterogeneity among study results.
	4-5

	
	20d
	Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.
	5, and table3

	Reporting biases
	21
	Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.
	5

	Certainty of evidence 
	22
	Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
	Supplementary eTable 4-5

	DISCUSSION 
	

	Discussion 
	23a
	Provide a general interpretation of the results in the context of other evidence.
	5-6

	
	23b
	Discuss any limitations of the evidence included in the review.
	9

	
	23c
	Discuss any limitations of the review processes used.
	8

	
	23d
	Discuss implications of the results for practice, policy, and future research.
	8

	OTHER INFORMATION
	

	Registration and protocol
	24a
	Provide registration information for the review, including register name and registration number, or state that the review was not registered.
	2

	
	24b
	Indicate where the review protocol can be accessed, or state that a protocol was not prepared.
	2

	
	24c
	Describe and explain any amendments to information provided at registration or in the protocol.
	2

	Support
	25
	Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review.
	9

	Competing interests
	26
	Declare any competing interests of review authors.
	9

	Availability of data, code and other materials
	27
	Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included studies; data used for all analyses; analytic code; any other materials used in the review.
	9


 









Supplementary eTable 7: The meta-analysis flow chart
	
	Included
	Detail
	Removed
	Detail
	Remained

	Identification
	7346
	7346 from Databases:
PubMed (n=1518)
Embase (n=4309)
[bookmark: _Hlk177260300]Web of Science (n=1519)
0 from registers
	5754
	Records were removed before the screening.
Duplicate records removed (n=3347)
Records marked as animal experiments (n=1842)
Records marked as reviews, letters, reports(n=516)
Records removed for other reasons (n=49)
	1592

	Screening
	1592
	/
	1496
	1496 Records excluded:
Disease not suitable (n=753)
Exposure factors are inconsistent (n=692)
Others (n=51)
	96

	
	96
	/
	60
	60 Reports excluded:
Reviews and RCTs (n=30)
Contains multiple exposures (n=26)
Not retrieved (n=4)
	36

	
	36
	/
	27
	27 Reports excluded:
Data is not available (n=16)
Not meeting inclusion criteria (n=11)
	9

	Included
	9
	/
	/
	/
	/
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