Supplementary materials


Supplementary Table 1: block search strategy and query syntax.

	
	Block 1
	
	Block 2
	
	Block 3

	Query syntax
	“Imaging mass spectrometry”
	AND
	“Lipid”
	AND
	“Human brain”

	Complete query
	((imaging mass spectrometry) AND (lipid)) AND (human brain)

	Filters
	No filters added



Supplementary Table 2: full search strategies.

	Database (dates searched)
	Records retrieved

	PubMed (11-08-2025)
	181

	Scopus (11-08-2025)
	1288

	Web of Science (11-08-2025)
	471

	TOTAL 
	1940

	Duplicates removed
	260

	Total records screened 
	1680





Supplementary Table 3: studies excluded at the full-text stage.
	Author
	Title
	Exclusion reason

	Amoscato et al., 20141
	Imaging mass spectrometry of diversified cardiolipin molecular species in the brain
	Animal study

	Beger et al., 20222
	Human brain lipidomics: investigation of formalin fixed brains
	Wrong type of analysis

	Bergholt et al., 20183
	Correlated heterospectral lipidomics for biomolecular profiling of remyelination in multiple sclerosis
	Wrong type of analysis

	Bhaduri et al., 20214
	Identification of lipid heterogeneity and diversity in the developing human brain
	Wrong type of analysis

	Cebak et al., 20255
	Lipidomics of naturally preserved brains from the First Baptist Church of Philadelphia cemetery 
	Wrong type of analysis

	Claes et al., 20236
	Isomer-resolved mass spectrometry imaging of acidic phospholipids
	Animal study

	Dannhorn et al., 20227
	Evaluation of formalin-fixed and FFPE tissues for spatially resolved metabolomics and drug distribution studies
	Animal study

	de la Monte et al., 20188
	Imaging mass spectrometry of frontal white matter lipid changes in human alcoholics
	Wrong type of analysis

	Garrett et al., 20109
	Tandem mass spectrometric methods for phospholipid analysis from brain tissue
	Wrong publication type

	Hamazaki et al., 201610
	Fatty acid composition and fatty acid binding protein expression in the postmortem frontal cortex of patients with schizophrenia: a case–control study
	Wrong type of analysis

	Han et al., 202511
	In situ imaging study of targeted iron and metabolically related molecules in tumors and brain tissues using MALDI-MS imaging 
	Animal study

	Harris et al., 202012
	Ganglioside detection from formalin-fixed human brain tissue utilizing MALDI imaging mass spectrometry
	Wrong type of analysis

	Hirahara et al., 201713
	Sulfatide species with various fatty acid chains in oligodendrocytes at different developmental stages determined by imaging mass spectrometry
	Animal study

	Ikegawa et al., 202314
	Mass spectrometry imaging in Alzheimer's disease
	Wrong publication type

	Kelley et al., 202015
	Ethanol-fixed, paraffin-embedded tissue imaging. Implications for Alzheimer's disease research
	Wrong type of analysis

	Lagache et al., 202516
	Predicting Protein Pathways Associated to Tumor Heterogeneity by Correlating Spatial Lipidomics and Proteomics: The Dry Proteomic Concept 
	Wrong type of analysis

	Lee et al., 201217
	Resolving brain regions using nanostructure initiator mass spectrometry imaging of phospholipids
	Animal study

	Lodén et al, 202418
	Hydrazide-based reactive matrices for the sensitive detection of aldehydes and ketones by MALDI mass spectrometry imaging
	Wrong type of analysis

	Ly et al., 201619
	High-mass-resolution MALDI mass spectrometry imaging of metabolites from formalin-fixed paraffin-embedded tissue
	Wrong publication type

	Martinez-Gardeazabal et al., 202320
	Mass Spectrometry for the Advancement of Lipid Analysis in Alzheimer’s Research

	Wrong publication type

	Mavroudakis et al., 202121
	CpG preconditioning reduces accumulation of lysophosphatidylcholine in ischemic brain tissue after middle cerebral artery occlusion
	Animal study

	Miranda et al., 201922
	Differential lipid composition and regulation along the hippocampal longitudinal axis
	Animal study

	Neumann et al., 201823
	Multimodal chemical analysis of the brain by high mass resolution mass spectrometry and infrared spectroscopic imaging
	Animal study

	Nguyen et al., 201824
	Towards high-resolution tissue imaging using nanospray desorption electrospray ionization mass spectrometry coupled to shear force microscopy
	Animal study

	O'Rourke et al., 201925
	Higher mass accuracy MALDI-TOF/TOF lipid imaging of human brain tissue in Alzheimer's disease
	Wrong publication type

	Paglia et al., 201626
	Unbiased metabolomic investigation of Alzheimer's disease brain points to dysregulation of mitochondrial aspartate metabolism
	Wrong type of analysis

	Röhr et al., 202527
	Unsaturated Fatty Acids Are Decreased in Aβ Plaques in Alzheimer's Disease 
	Wrong type of analysis

	Smith et al., 201828
	Accurate mass MALDI-TOF/TOF lipid imaging of human brain tissue
	Wrong publication type

	Smith et al., 202229
	Lipidome changes in alcohol-related brain damage
	Wrong type of analysis

	Sohn et al., 202230
	Interrogating the metabolomic profile of amyotrophic lateral sclerosis in the post-mortem human brain by infrared matrix-assisted laser desorption electrospray ionization (IR-MALDESI) mass spectrometry imaging (MSI)
	Wrong type of analysis

	Sparvero et al., 202131
	Direct mapping of phospholipid ferroptotic death signals in cells and tissues by gas cluster ion beam secondary ion mass spectrometry (GCIB-SIMS) 
	Wrong type of analysis

	Taki, 201232
	An approach to glycobiology from glycolipidomics-ganglioside molecular scanning in the brains of patients with Alzheimer's disease by TLC-Blot:matrix assisted laser desorption:ionization-time of flight MS
	Wrong type of analysis

	Tian et al., 201733
	Gas cluster ion beam time-of-flight secondary ion mass spectrometry high-resolution imaging of cardiolipin speciation in the brain: identification of molecular losses after traumatic injury
	Animal study

	Tkachev et al., 201934
	Differences in lipidome and metabolome organization of prefrontal cortex among human populations
	Wrong type of analysis

	Veloso et al., 201035
	Anatomical distribution of lipids in human brain by imaging mass spectrometry
	Wrong publication type
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Supplementary Table 4: Technical information of included studies, clustered by IMS technology used.


	Authors
	Matrix/spray solvent
	Spatial resolution
	Laser shots per pixel
	Histological staining

	MALDI-MSI

	Bowman et al., (2020)61
	DHB
	6 mm (MALDI-2)
	NR
	HE

	D'Amico et al., (2023)68
	DAN
	40 mm
	NR
	HE

	Enzlein et al., (2024)56
	DAN
	20 mm
	300
	NA

	Gónzalez de San Román et al., (2015)45
	MBT
	150 mm
	10
	Thionine

	Gónzalez de San Román et al., (2017)55
	MBT
	150 mm
	10
	Thionine

	Gónzalez de San Román et al., (2018)43
	DHB
	100 mm
30 mm (high-resolution imaging)
	10
	Nissl; myelin

	Hirano-Sakamaki et al., (2015)54
	9AA; DHAP
	200 mm
	400
	HE; KB

	Hunter et al., (2018)44
	DHB; DAN
	10 mm
	200 (pos)
150 (neg)
	HE; LFB

	Hunter et al., (2018)66
	DHB; DAN
	10 mm
	200 (pos)
150 (neg)
	HE; LFB

	Hunter et al., (2021)65
	DAN
	100 mm
	200 (pos)
150 (neg)
	HE; LFB

	Matsumoto et al., (2011)59
	DHB; 9AA
	NR
	200
	HE

	Matsumoto et al., (2017)36
	DHB; 9AA
	NR
	200
	KB

	Mendis et al., (2016)52
	DAN
	100 mm
	100 (pos)
75 (neg)
	HE; LFB

	Michno et al., (2024)51
	DAN
	10 mm
	20
	HE

	Moreno-Rodriguez et al., (2024)50
	CHCA
	100 mm
	20
	Thionine

	Niehaus et al., (2024)60
	DAN
	100 mm
	200
	LFB

	Ollen-Bittle et al., (2024)49
	DAN
	70 mm
40 mm*
	NR
	HE

	Osetrova et al., (2024)22
	CHCA
	40 mm
5 mm (TOF-SIMS)
	NR
	HE; LFB

	Osetrova et al., (2024)58
	CHCA
	40 mm
	NR
	HE; LFB

	Pinsky et al., (2021)67
	DHB; DAN
	NR
	NR
	NA

	Staps et al., (2020)38
	DHB
	100 mm
	500
	HE

	Toyama et al., (2024)48
	DHB
	70 mm
	NR
	HE

	Veloso et al., (2011)41
	MBT
	50-200 mm
	30
	Thionine

	Veloso et al., (2011)42
	MBT
	100-500 mm
	30
	Thionine

	Vermeulen et al., (2025)40
	NRM
	30 mm
	NR
	HE

	Yuki et al., (2011)57
	9AA
	NR
	100
	KB

	Yuki et al., (2014)47
	DHB
	NR
	200
	KB

	Zavolskova et al., (2025)46
	DHB; 9AA
	80 mm
	NR
	Nissl

	DESI-MSI

	Ajith et al., (2021)64
	ACN/DMF (1:1)
	200 mm
	NA
	HE

	Mondal et al., (2024)63
	ACN/DMF (1:1)
	200 mm
	NA
	HE

	Huang et al., (2024)53
	MeOH/H2O (95:5)
	25 mm
	NA
	HE

	Ambient ionization - MSI
	
	
	
	

	Hansen et al., (2025)62 - PA-nano-DESI
	ACN/MeOH (9:1)
	25 x 150 mm 
	NA
	NA

	Zheng et al., (2023)39 - AFADESI
	ACN/H2O (80:20)
	100 mm
	NA
	HE

	TOF-SIMS

	Lazar et al., (2013)37
	NR
	2 mm
	NA
	HE




Notes.
*only for A plaques imaging
Table abbreviations: 9AA: 9-Aminoacridine; ACN/DMF: acetonitrile/dimethylformamide; CHCA: α-cyano-4-hydroxycinnamic acid; DAN: 1,5-diaminonaphthalene; DHAP: 2,5-dihydroxyacetophenone; DHB: 2,5-dihydroxybenzoic acid; HE: hematoxylin and eosin; KB: Kluver–Barrera; LFB: luxol fast blue; MBT: 2-mercaptobenzothiazole; NA: not applicable to the experimental approach: NR: not reported; NRM: norharmane. 

Supplementary Table 5: NIH study quality assessment tool for observational cohort and cross-sectional studies.



	Study
	1. Was the research question or objective in this paper clearly stated?
	2. Was the study population clearly specified and defined?
	3. Was the participation rate of eligible persons at least 50%?
	4a. Were all the subjects selected or recruited from the same or similar populations (including the same time period)? 
	4b. Were inclusion and exclusion criteria for being in the study prespecified and applied uniformly to all participants?
	5a. Was a sample size justification, power description, or variance and effect estimates provided?
Inter-group	
	5b. Was a sample size justification, power description, or variance and effect estimates provided?
Intra-group
	6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?
	7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed?
	8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of exposure, or exposure measured as continuous variable)?
	9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?
	10. Was the exposure(s) assessed more than once over time?
	11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?
MS experiment 
	11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?
Lipid identification
	12. Were the outcome assessors blinded to the exposure status of participants?

	13. Was loss to follow-up after baseline 20% or less?
	14a. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and outcome(s)?
Confounding variables
	14b. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and outcome(s)?
Spectral data analysis
	Total yes (%)
	Quality

	Ajith et al., (2021)64
	Yes
	Yes
	NA
	No
	Yes
	Yes
	NA
	NA
	NA
	Yes
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	81%
	Good

	Bowman et al., (2020)61
	Yes
	No
	NA
	NA
	No
	NR
	Yes
	NA
	NA
	NA
	No
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	50%
	Fair

	D’Amico et al., (2023)68
	Yes
	Yes
	NA
	Yes
	No
	No
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	No
	NA
	NA
	NR
	CD
	58%
	Fair

	Enzlein et al., (2024)56
	Yes
	Yes
	NA
	Yes
	Yes
	Yes
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	92%
	Good

	Gónzalez de San
Román et al., (2015)45
	Yes
	Yes
	NA
	NA
	No
	NA
	No
	NA
	NA
	NA
	Yes
	NA
	Yes
	No
	NA
	NA
	No
	Yes
	55%
	Fair

	Gónzalez de San
Román et al., (2017)55
	Yes
	Yes
	NA
	Yes
	No
	Yes
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	No
	NA
	NA
	No
	Yes
	75%
	Good

	Gónzalez de San
Román et al., (2018)43
	Yes
	Yes
	NA
	NA
	No
	NA
	No
	NA
	NA
	NA
	Yes
	NA
	Yes
	No
	NA
	NA
	No
	Yes
	55%
	Fair

	Hansen et al., (2025)62
	Yes
	Yes
	NA
	Yes
	Yes
	No
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	83%
	Good

	Hirano-Sakamaki et al., (2015)54
	Yes
	Yes
	NA
	No
	Yes
	No
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	No
	NA
	NA
	No
	Yes
	67%
	Fair

	Huang et al., (2024)53
	Yes
	No
	NA
	Yes
	Yes
	Yes
	No
	NA
	NA
	Yes
	Yes
	NA
	Yes
	No
	NA
	NA
	No
	Yes
	67%
	Fair

	Hunter et al., (2018)44
	Yes
	Yes
	NA
	NA
	Yes
	NA
	Yes
	NA
	NA
	NA
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	88%
	Good

	Hunter et al., (2018)66
	Yes
	Yes
	NA
	Yes
	Yes
	No
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	83%
	Good

	Hunter et al., (2021)65
	Yes
	Yes
	NA
	Yes
	Yes
	Yes
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	92%
	Good

	Lazar et al., (2013)36
	Yes
	Yes
	NA
	Yes
	Yes
	Yes
	Yes
	NA
	NA
	Yes
	Yes
	NA
	No
	No
	NA
	NA
	Yes
	Yes
	83%
	Good

	Matsumoto et al., (2011)59
	Yes
	Yes
	NA
	Yes
	Yes
	No
	NA
	NA
	NA
	No
	Yes
	NA
	Yes
	Yes
	NA
	NA
	NA
	Yes
	80%
	Good

	Matsumoto et al., (2017)36
	Yes
	Yes
	NA
	No
	Yes
	Yes
	CD
	NA
	NA
	No
	Yes
	NA
	Yes
	Yes
	NA
	NA
	Yes
	No
	67%
	Fair

	Mendis et al., (2016)52
	Yes
	Yes
	NA
	Yes
	Yes
	Yes
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	92%
	Good

	Michno et al., (2024)51
	Yes
	No
	NA
	NA
	Yes
	NA
	Yes
	NA
	NA
	Yes
	No
	NA
	No
	Yes
	NA
	NA
	No
	Yes
	60%
	Fair

	Mondal et al., (2024)63
	Yes
	Yes
	NA
	No
	Yes
	Yes
	NA
	NA
	NA
	Yes
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	81%
	Good

	Moreno-Rodriguez et al., (2024)50
	Yes
	Yes
	NA
	Yes
	Yes
	Yes
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	No
	NA
	NA
	No
	Yes
	83%
	Good

	Niehaus et al., (2024)60
	Yes
	Yes
	NA
	NA
	Yes
	No
	Yes
	NA
	NA
	No
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	NR
	64%
	Fair

	Ollen-Bittle et al., (2024)49
	Yes
	Yes
	NA
	Yes
	Yes
	Yes
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	No
	NA
	NA
	No
	Yes
	83%
	Good

	Osetrova et al., (2024)22
	Yes
	Yes
	NA
	NA
	Yes
	No
	Yes
	NA
	NA
	NA
	No
	NA
	Yes
	Yes
	NA
	NA
	No 
	Yes
	70%
	Good

	Osetrova et al., (2024)58
	Yes
	Yes
	NA
	Yes
	Yes
	No
	Yes
	NA
	NA
	No
	Yes
	NA
	Yes
	No
	NA
	NA
	No
	Yes
	67%
	Fair

	Pinsky et al., (2021)67
	Yes
	No
	NA
	CD
	No
	Yes
	Yes
	NA
	NA
	NA
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	64%
	Fair

	Staps et al., (2020)38
	Yes
	Yes
	NA
	Yes
	Yes
	No
	No
	NA
	NA
	NA
	No
	NA
	Yes
	No
	NA
	NA
	NA
	Yes
	60%
	Fair

	Toyama, et al., (2024)48
	Yes
	Yes
	NA
	Yes
	Yes
	No
	No
	NA
	NA
	Yes
	Yes
	NA
	Yes
	No
	NA
	NA
	No
	No
	58%
	Fair

	Veloso et al., (2011)41
	Yes
	Yes
	NA
	NA
	Yes
	No
	Yes
	NA
	NA
	NA
	Yes
	NA
	No
	No
	NA
	NA
	No
	Yes
	60%
	Fair

	Veloso et al., (2011)42
	Yes
	No
	NA
	NA
	Yes
	CD
	Yes
	NA
	NA
	NA
	Yes
	NA
	Yes
	No
	NA
	NA
	No
	Yes
	60%
	Fair

	Vermeulen et al., (2025)40
	Yes
	Yes
	NA
	Yes
	Yes
	No
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	83%
	Good

	Yuki et al., (2011)57
	Yes
	Yes
	NA
	Yes
	Yes
	No
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	No
	75%
	Good

	Yuki et al., (2014)47
	Yes
	Yes
	NA
	Yes
	Yes
	Yes
	Yes
	NA
	NA
	Yes
	Yes
	NA
	Yes
	Yes
	NA
	NA
	Yes
	No
	92%
	Good

	Zavolskova et al., (2025)46
	Yes
	Yes
	NA
	NA
	No
	Yes
	No
	NA
	NA
	NA
	Yes
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	70%
	Good

	Zheng et al., (2023)39
	Yes
	Yes
	NA
	Yes
	Yes
	No
	No
	NA
	NA
	Yes
	No
	NA
	Yes
	Yes
	NA
	NA
	No
	Yes
	67%
	Fair




Notes
CD, cannot determine; NA, not applicable; NR, not reported
Categories valued as “NA” were not considered in the percentage count of total “Yes”; 
The total score is calculated in the number of “yes” answers. Studies are considered of poor quality if they score below 50%, fair if over 50% and good if above 70%.

Supplementary Table 6: PRISMA checklist.

	Section and Topic 
	Item #
	Checklist item 
	Location where item is reported 

	TITLE 
	

	Title 
	1
	Identify the report as a systematic review.
	Title

	ABSTRACT 
	

	Abstract 
	2
	See the PRISMA 2020 for Abstracts checklist.
	Abstract

	INTRODUCTION 
	

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

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

	METHODS 
	

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

	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.
	Methods and Table S2

	Search strategy
	7
	Present the full search strategies for all databases, registers and websites, including any filters and limits used.
	Methods and Table S1

	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.
	Methods

	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.
	Methods

	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.
	Methods

	
	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.
	NA

	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.
	Methods and Table S5

	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.
	NA

	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)).
	NA

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

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

	
	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.
	Methods and Results

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

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

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

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

	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.
	Figure 2

	
	16b
	Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.
	Table S3

	Study characteristics 
	17
	Cite each included study and present its characteristics.
	Results and Table 1

	Risk of bias in studies 
	18
	Present assessments of risk of bias for each included study.
	Methods and Table S5

	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.
	NA

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

	
	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.
	NA

	
	20c
	Present results of all investigations of possible causes of heterogeneity among study results.
	NA

	
	20d
	Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.
	NA

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

	Certainty of evidence 
	22
	Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
	NA

	DISCUSSION 
	

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

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

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

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

	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.
	Methods

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

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

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

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

	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.
	NA




Supplementary Table 7: alteration of core lipid classes across different diseases stratified by major brain regions

	Lipid species
	FC
	TC
	OC
	HP
	SVZ
	CN
	NR

	Sphingolipids

	SHexCer
	AD55
HIV68
pvWMHs (FL)67
	AD51
	
	AD52
TLE40
	HD66
	
	

	SM
	pvWMHs (FL)67
	
	
	AD52
TLE64, 63
	HD66
	HD65
	MS60

	Glycerophospholipids

	PC
	AD47
SCZ59, 58
pvWMHs (FL)67
	SCZ58
	SCZ59
	AD52
TLE64
	HD66
	HD65
	MS60
SLS38
TBI39

	PS
	SCZ36
pvWMHs (FL)67
	SCZ36
	
	AD52
TLE64, 63, 40
	HD66
	HD65
	

	PI
	AD50
SCZ36
pvWMHs (FL)67
	AD50
SCZ36
	
	AD52
TLE63, 40
	HD66
	HD65
	

	PE
	SCZ58
pvWMHs (FL)67
	AD51
SCZ58
	
	AD52
TLE64, 63
	HD66
	HD65
	SLS38



Abbreviations: AD: Alzheimer’s disease; CN: caudate nucleus; FC: frontal cortex; FL: frontal lobe; HD: Huntington’s disease; HIV: human immunodeficiency virus; HP: Hippocampus; MS: Multiple Sclerosis; NR: not reported; OC: occipital cortex; PC: phosphocholine; PE: phosphoethanolamine; PI: phosphatidylinositol; PS: phosphatidylserine; pvWMH: periventricular white matter hyperintensities; SCZ: schizophrenia; SHexCer: sulfatide; SM: sphingomyelin; SVZ: subventricular zone; TBI: traumatic brain injury; TC: temporal cortex; TLE: temporal lobe epilepsy.


Supplementary Figure 1. Heatmap summarizing lipid class alterations in AD samples, across brain regions or Aβ plaques. Red indicates increased abundance, while teal indicates decreased abundance compared with healthy controls. Empty cells (light gray) indicate not available data. Abbreviations: Aβ: Aβ plaques; Cer: Ceramide; Chol: Cholesterol; CPE: Ceramide Phosphoethanolamine; CPI: Ceramide Phosphoinositol; DG: Diacylglycerols; FC: frontal cortex; GL: Glycerolipids; GM: Gangliosides: GM: Gray matter; GP: Glycerophospholipids; HexCer: Hexosylceramide; HP: Hippocampus; LPA: Lysophosphatidic acid; LPC: Lysophosphatidylcholine; LPI: Lysophosphatidylinositol; PA: Phosphatidic acid; PE: Phosphatidylethanolamine; PG: Phosphatidylglycerol; PI: Phosphatidylinositol; PS: Phosphatidylserine; SHexCer: Sulfated Hexosylceramide; SP: Sphingolipids; SM: Sphingomyelin; ST: Sterols; TC: Temporal cortex; WM: white matter. 
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