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Table 1: PRISMA 2020 Checklist
	Section and Topic 
	Item #
	Checklist item 
	Location where item is reported 

	TITLE 
	

	Title 
	1
	Identify the report as a systematic review.
	Pg. 1

	ABSTRACT 
	

	Abstract 
	2
	See the PRISMA 2020 for Abstracts checklist.
	Pg. 2

	INTRODUCTION 
	

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

	Objectives 
	4
	Provide an explicit statement of the objective(s) or question(s) the review addresses.
	Pg. 3

	METHODS 
	

	Eligibility criteria 
	5
	Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
	Pg  4, supp. table 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.
	Pg. 4

	Search strategy
	7
	Present the full search strategies for all databases, registers and websites, including any filters and limits used.
	Supp. table 2A-F

	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.
	Pg. 4

	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.
	Pg. 4

	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.
	Pg. 4, supp. Table 4A-C

	
	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.
	Pg. 4, supp. Table 4A-C

	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.
	Pg. 4, supp. Table 5A-B

	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.
	N/A

	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)).
	N/A

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

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

	
	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.
	N/A

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

	
	13f
	Describe any sensitivity analyses conducted to assess robustness of the synthesized results.
	N/A

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

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

	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 1

	
	16b
	Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.
	Not completed

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

	Risk of bias in studies 
	18
	Present assessments of risk of bias for each included study.
	Table 2, and Supp. Table 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.
	Table 2

	Results of syntheses
	20a
	For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.
	Pg. 5-6

	
	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.
	N/A

	
	20c
	Present results of all investigations of possible causes of heterogeneity among study results.
	N/A

	
	20d
	Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.
	N/A

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

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

	DISCUSSION 
	

	Discussion 
	23a
	Provide a general interpretation of the results in the context of other evidence.
	Pg. 10-12

	
	23b
	Discuss any limitations of the evidence included in the review.
	Pg. 12

	
	23c
	Discuss any limitations of the review processes used.
	Not completed

	
	23d
	Discuss implications of the results for practice, policy, and future research.
	Not completed

	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.
	Pg. 4

	
	24b
	Indicate where the review protocol can be accessed, or state that a protocol was not prepared.
	Pg. 4

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

	Support
	25
	Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review.
	Pg. 12

	Competing interests
	26
	Declare any competing interests of review authors.
	Pg. 12

	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.
	Supplementary materials


From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0. To view a copy of this license, visit  
 

Tables 2 A-F. The following tables display the search terms used for each database searched.


Table 2A Ovid MEDLINE(R
	
	Search Terms for Ovid MEDLINE(R) ALL 1946 to March 25, 2025

	Brain age (title/abstract/key words)
	"brain age" OR "brain ageing" OR "brain aging" OR "neurobiological age" OR "brain specific biological age" OR "brain specific ageing" OR "brain specific aging" OR "BrainAGE" OR "Brain AGE" OR "brain predicted age" OR "BrainPAD" OR "Brain PAD" OR "brain age gap" OR "cortical age" OR "cortical clock" OR "cerebrospinal fluid proteomic*" OR "CSF proteomic*” OR "neuroproteomic*" OR "plasma proteomic aging" OR "plasma proteomic age*" OR "brain specific proteomic age gap" OR "proteomic age gap"


	Psychosocial risk factors for dementia
(title/abstract/key words)
	depress* OR dysthymi* OR exp Depression/ OR exp Depressive Disorder/ OR exp Dysthymic Disorder/ OR "mood disorder" OR exp Mood Disorders/ OR anxiet* OR anxious* OR exp Anxiety/ OR exp Anxiety Disorders/ OR exp Generalized Anxiety Disorder/ OR "post traumatic stress disorder" OR PTSD OR exp Stress Disorders, Traumatic/ OR exp Stress Disorders, Post-Traumatic/ OR trauma* OR exp Psychological Trauma/ OR lonel* OR exp Loneliness/ OR "social isolation" OR exp Social Isolation/ OR neurotic* OR exp Neuroticism/ OR stress* OR distress* OR exp Stress, Psychological/ OR exp Subjective Stress/ 

	Abbreviations: * = truncation wildcard (i.e. finds all terms beginning with this string of text), exp = explode function.




Table 2B Ovid EMBASE Classic+ Embase
	
	Search Terms for Ovid EMBASE Classic+ Embase 1947-25 march 2025

	Brain age (title/abstract/key words)
	"brain age" OR "brain ageing" OR "brain aging" OR "neurobiological age" OR "brain specific biological age" OR "brain specific ageing" OR "brain specific aging" OR "BrainAGE" OR "Brain AGE" OR "brain predicted age" OR "BrainPAD" OR "Brain PAD" OR "brain age gap" OR "cortical age" OR "cortical clock" OR "cerebrospinal fluid proteomic*" OR "CSF proteomic*” OR "neuroproteomic*" OR "plasma proteomic aging" OR "plasma proteomic age*" OR "brain specific proteomic age gap" OR "proteomic age gap" 


	Psychosocial risk factors for dementia
(title/abstract/key words)
	depress* OR exp depression/ OR dysthymi* OR "mood disorder" OR exp mood disorder/ OR anxiet* OR anxious* OR exp anxiety/ OR exp anxiety disorder/ OR exp generalized anxiety disorder/ OR "post traumatic stress disorder" OR PTSD OR exp posttraumatic stress disorder/ OR trauma* OR exp psychotrauma/ OR lonel* OR exp loneliness/ OR "social isolation" OR exp social isolation/ OR neurotic* OR stress* OR distress* OR exp mental stress/)

	Abbreviations: * = truncation wildcard (i.e. finds all terms beginning with this string of text), exp = explode function.










Table 2C Ovid APA PsycInfo
	
	Search Terms for Ovid APA PsycInfo 1806 to march 2025 week 3

	Brain age (title/abstract/key words)
	"brain age" OR "brain ageing" OR "brain aging" OR "neurobiological age" OR "brain specific biological age" OR "brain specific ageing" OR "brain specific aging" OR "BrainAGE" OR "Brain AGE" OR "brain predicted age" OR "BrainPAD" OR "Brain PAD" OR "brain age gap" OR "cortical age" OR "cortical clock" OR "cerebrospinal fluid proteomic*" OR "CSF proteomic*” OR "neuroproteomic*" OR "plasma proteomic aging" OR "plasma proteomic age*" OR "brain specific proteomic age gap" OR "proteomic age gap" 


	Psychosocial risk factors for dementia
(title/abstract/key words)
	depress* OR exp Depression (Emotion)/ OR exp Major Depression/ OR dysthymi* OR "mood disorder" OR exp Affective Disorders/ OR anxiet* OR anxious* OR exp Anxiety/ OR exp Anxiety Disorders/ OR exp Generalized Anxiety Disorder/ OR "post traumatic stress disorder" OR PTSD OR exp Posttraumatic Stress Disorder/ OR trauma* OR exp Trauma/ OR lonel* OR exp Loneliness/ OR "social isolation" OR exp Social Isolation/ OR neurotic* OR exp Neuroticism/ OR stress) * OR exp Stress/ OR distress* OR exp Distress/

	Abbreviations: * = truncation wildcard (i.e. finds all terms beginning with this string of text), exp = explode function.



Table 2D Web of Science core collection
	
	Search Terms for Web of Science core collection (1900 to present) last updated 24 march 2025

	Brain age (title, abstract, author keywords, keywords plus)
	"brain age" OR "brain ageing" OR "brain aging" OR "neurobiological age" OR "brain specific biological age" OR "brain specific ageing" OR "brain specific aging" OR "BrainAGE" OR "Brain AGE" OR "brain predicted age" OR "BrainPAD" OR "Brain PAD" OR "brain age gap" OR "cortical age" OR "cortical clock" OR "cerebrospinal fluid proteomic*" OR "CSF proteomic*” OR "neuroproteomic*" OR "plasma proteomic aging" OR "plasma proteomic age*" OR "brain specific proteomic age gap" OR "proteomic age gap" 


	Psychosocial risk factors for dementia
(title, abstract, author keywords, keywords plus)
	depress* OR dysthymi* OR "mood disorder" OR anxiet* OR anxious* OR "post traumatic stress disorder" OR PTSD OR trauma* OR lonel* OR "social isolation" OR neurotic* OR stress* OR distress*

	Abbreviations: * = truncation wildcard (i.e. finds all terms beginning with this string of text)















Table 2E Scopus
	
	Search Terms for Scopus

	Brain age (article title, abstract, keywords)
	"brain age" OR "brain ageing" OR "brain aging" OR "neurobiological age" OR "brain specific biological age" OR "brain specific ageing" OR "brain specific aging" OR "BrainAGE" OR "Brain AGE" OR "brain predicted age" OR "BrainPAD" OR "Brain PAD" OR "brain age gap" OR "cortical age" OR "cortical clock" OR "cerebrospinal fluid proteomic*" OR "CSF proteomic*” OR "neuroproteomic*" OR "plasma proteomic aging" OR "plasma proteomic age*" OR "brain specific proteomic age gap" OR "proteomic age gap" 


	Psychosocial risk factors for dementia
(article title, abstract, keywords)
	depress* OR dysthymi* OR "mood disorder" OR anxiet* OR anxious* OR "post traumatic stress disorder" OR PTSD OR trauma* OR lonel* OR "social isolation" OR neurotic* OR stress* OR distress*

	Abbreviations: * = truncation wildcard (i.e. finds all terms beginning with this string of text)





Table 2F MedRxiv
	
	Search Terms for MedRxiv

	Brain age (title/abstract/key words)
	"brain age" OR "brain ageing" OR "brain aging" OR "neurobiological age" OR "brain specific biological age" OR "brain specific ageing" OR "brain specific aging" OR "BrainAGE" OR "Brain AGE" OR "brain predicted age" OR "BrainPAD" OR "Brain PAD" OR "brain age gap" OR "cortical age" OR "cortical clock" OR "cerebrospinal fluid proteomic*" OR "CSF proteomic*” OR "neuroproteomic*" OR "plasma proteomic aging" OR "plasma proteomic age*" OR "brain specific proteomic age gap" OR "proteomic age gap" 


	Psychosocial risk factors for dementia
(title/abstract/key words)
	depress* OR dysthymi* OR "mood disorder" OR anxiet* OR anxious* OR "post traumatic stress disorder" OR PTSD OR trauma* OR lonel* OR "social isolation" OR neurotic* OR stress* OR distress*

	Abbreviations: * = truncation wildcard (i.e. finds all terms beginning with this string of text)




















Table 3. The following table displays the eligibility criteria for the included studies in the systematic review.

	
	Eligibility Criteria
	Further details

	(1) Study type/specifics

	
	· All empirical quantitative investigations
	· Studies with and without interventions can be included.

	
	· Language
	· English or non-English studies can be included.

	(2) Population

	
	· Adults (mean age greater or equal to18)
	· When there are multiple age groups in a study and one or more groups do not meet the criteria, the eligible groups must have been analysed independently to be included.

	
	· Cognitively unaffected populations: Healthy adults (e.g. no objective cognitive impairment reported)
	· When there are multiple groups in a study and one or more groups do not meet the criteria, the eligible groups must have been analysed independently to be included.

	
	· Free from psychiatric comorbidities and neurological conditions 
	· Exclude if the primary reason why participants were recruited are for having a psychiatric comorbidity or a neurological condition (e.g. schizophrenia, traumatic brain injury, chronic pain). 
· Do not exclude if psychiatric comorbid disorders and/or neurological health problems are reported only as comorbid disorders in some participants 
· Studies with a psychiatric comorbid disorder and/or neurological health problem group and a healthy control group without this comorbidity can be included (if brain age is measured and an association with one of the eligible psychosocial risk factors is calculated in the healthy control group [see below]) 

	
	· Human
	· Exclude animal research

	
	· Comparator groups
	· A comparator group is not required 
· For studies with a comparison group: a group with a psychosocial factor and then a group without can be included.

	(3) Exposure

	
	Exposure: (Standardised) measures of: 
· Depression (e.g., Beck Depression Inventory or equivalents)  
· Anxiety (e.g. Hamilton Anxiety Rating Scale or equivalents) 
· Post-traumatic stress disorder (e.g. Clinician-Administered PTSD Scale or equivalents) 
· Trauma (e.g. The International Trauma Questionnaire or equivalents)
· Loneliness (e.g. UCLA Loneliness Scale or equivalents)  
· Social isolation (e.g. Lubben Social Network Scale or equivalents) 
· Neuroticism (e.g. Revised NEO Personality Inventory or equivalents)
· Stress (e.g. Perceived Stress Scale or equivalents)
	· Exclude non-standardised measures
· Measures do not need to be validated
· Exposure can be symptoms (e.g., low levels on self-report questionnaire), clinical level (e.g., above a threshold/cut-off on a self-report questionnaire) or a diagnosis (e.g., DSM or ICD)
· Note the exposure of anxiety refers to anxiety symptoms or generalised anxiety disorder rather than other anxiety disorders e.g. phobias or obsessive-compulsive disorder 
· For the exposure of stress, this can be general stress or specific stress (e.g. emotional stress, occupational stress)


	(4) Outcome

	
	· Any brain age metric that provides a quantification of brain age compared to chronological age (e.g. brainAGE, brain-PAD, functional brain age, cortical clock, DNA methylation clocks derived from brain tissue, cerebrospinal fluid proteomic ageing measures)
	· Brain age metrics may include neuroimaging-based brain age models, brain-specific epigenetic clocks or brain-specific proteomic clocks 
· Biological age metrics will be excluded even if associated with brain age as we are interested in direct relevance to brain age.
· Brain age metric does not need to be validated 

	(5) Association between brain age and psychosocial factor

	
	
	· Exclude if the study did not look at association between brain age and psychosocial factor 
· Statistics do not necessarily have to be reported. 
· The association can be reported as a correlation between exposure and outcome (e.g., correlation coefficient r), or BrainAge can be reported in someone with that factor (e.g, people with depression have a brain age of X, people without depression have a brain age of Y)
· Machine learning studies are eligible if they include a psychosocial risk factor as a predictor in their model (important predictor of the model which suggests relationship)


Tables 4 A-C. The following tables display the three standardised data extracted forms developed and piloted for the systematic review.

Table 4A Study Characteristics

	Author, year
	Cohort, Country
	Population

	N 
	Age (SD)
	Female, N (%)
	Ethnicity / race, N (%)
	Education years (SD)
	Psychosocial risk factor(s)
(Measure)†
	Brain age tool modality

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	† The psychosocial risk factors are measured by cases or controls, severity of symptoms within cases, severity of symptoms within cases plus controls or in a healthy control population.
Abbreviations: N, number of subjects; SD, Standard Deviation. † The psychosocial risk factors are measured by cases or controls, severity of symptoms within cases, severity of symptoms within cases plus controls or in a healthy control population.



Table 4B Summary of Results for Qualitative Synthesis

	Author, year
	Study Design 
	Unadjusted association(s)

	Adjusted association(s)†

	
	
	Statistical test
	N
	Summary of results
	Statistical test
	Covariates for primary model
	N
	Summary of results

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	† Where multiple models were reported, the primary model was chosen.
Abbreviations: N, number of subjects.




Table 4C Brain Age Tool Employed

	Author, year
	Brain age toolY (metric)
	Training sample
	Model

	
	
	Origin
	Sample size
	Age (SD)
	Females N (%)
	Input Features
	Algorithm

	Brain age modality: 

	
	
	
	
	
	
	
	

	
	
	
	

	

	

	
	

	Y The citation is the published paper detailing the development and validation of the brain age estimation tool.
Abbreviations: SD, standard deviation.













Tables 5A-B. The following tables display the quality assessment ratings for the cross-sectional and longitudinal studies included within this review. 

Supplementary Table 5A: Newcastle-Ottawa Scale (NOS) quality assessment adapted for cross-sectional studies 
	
Author, Year
	Selection
	Comparability
	Outcome
	Score
	Study Quality

	
	Representativeness of the sample
	Sample Size
	Non-respondents
	Ascertainment of exposure
	Confounding controlled
	Outcome assessment
	Statistics
	Total

	AHRQ rating (risk of bias)

	Depression 

	Ballester et al., 2023 
	★
	0
	0
	★★
(Cases)
	★★
	★★
	★
	8
	Good (Low) 

	Ballester et al., 2021 
	★
	0
	0
	★★
(Cases)
	★
	★★
	0
	6
	Fair (Moderate) 

	Besteher et al., 2019 
	★
	0
	0
	★★
(Cases)
	★★
	★★
	0
	7
	Good (Low) 

	Christman et al., 2020a 
	★
	0
	0
	★★
(Cases)
	★★
	★★
	0
	7
	Good (Low) 

	Christman et al., 2020a 
	★
	0
	0
	★★
(Cases)
	★★
	★★
	0
	7
	Good (Low) 

	Constantinides et al., 2024 
	★
	0
	0
	★★
(Symptoms)
	★★
	★★
	0
	7
	Good (Low) 

	Dai et al., 2025 
	0
	0
	0
	★★
(Cases)
	0
	★
	★
	4
	Poor (High) 

	De Lange et al., 2021 
	★
	0
	0
	★★
(Symptoms)
	★
	★★
	0
	6
	Fair (Moderate) 

	Dunlop et al., 2021  
	0
	0
	0
	★★
(Cases)
	★★
	★
	★
	6
	Fair (Moderate) 

	
	0
	0
	0
	★★
(Symptoms)
	★★
	★
	★
	6
	Fair (Moderate) 

	Franke et al., 2013 
	★
	0
	0
	★★
(Symptoms)
	★★
	★★
	0
	7
	Good (Low) 

	Han et al., 2022 
	0
	0
	0
	★★
(Cases)
	★★
	★★
	★
	7
	Good (Low) 

	
	0
	0
	0
	★★
(Symptoms)
	★★
	★★
	★
	7
	Good (Low) 

	Han et al., 2021 
	0
	0
	0
	★★
(Cases)
	★★
	★
	★
	6
	Fair (Moderate) 

	
	0
	0
	0
	★★
(Symptoms)
	★★
	★
	0
	5
	Fair (Moderate) 

	Han et al., 2021 
	0
	0
	0
	★★
(Cases)
	★★
	★★
	★
	7
	Good (Low) 

	
	0
	0
	0
	★★
(Symptoms)
	★★
	★★
	0
	6
	Fair (Moderate) 

	Han et al., 2021 
	★
	0
	0
	★★
(Cases)
	★★
	★
	0
	6
	Fair (Moderate) 

	
	★
	0
	0
	★★
(Symptoms)
	0
	★
	0
	4
	Poor (High) 

	Han et al., 2018 
	0
	0
	0
	★★
(Cases)
	★★
	★★
	0
	6
	Fair (Moderate) 

	Jawinski et al., 2022 
	★
	★
	0
	★★
(Symptoms)
	★★
	★
	0
	7
	Good (Low) 

	Jha et al., 2023 
	0
	0
	0
	★★
(Symptoms)
	★★
	★★
	0
	6
	Fair (Moderate) 

	Karim et al., 2025 
	★
	0
	0
	★★
(Cases)
	★
	★★
	0
	6
	Fair (Moderate) 

	Karim et al., 2021 
	★
	0
	0
	★★
(Symptoms)
	★★
	★★
	★
	8
	Good (Low) 

	Koutsouleris et al., 2014 
	0
	0
	0
	★★
(Cases)
	★
	★
	0
	4
	Poor (High) 

	
	0
	0
	0
	★★
(Symptoms)
	★
	★
	0
	4
	Poor (High) 

	Kuo et al., 2020 
	★
	0
	0
	★★
(Cases)
	★★
	★
	0
	6
	Fair (Moderate) 

	
	★
	0
	0
	★★
(Symptoms)
	★★
	★
	0
	6
	Fair (Moderate) 

	Lin et al., 2021a 
	0
	0
	0
	★★
(Cases)
	0
	★
	0
	3
	Poor (High) 

	Lin et al., 2021a 
	0
	0
	0
	★★
(Cases)
	0
	★
	0
	3
	Poor (High) 

	Lin et al., 2021a 
	0
	0
	0
	★★
(Cases)
	0
	★
	0
	3
	Poor (High) 

	Luo et al., 2022 
	0
	0
	0
	★★
(Cases)
	★★
	★
	★
	6
	Fair (Moderate) 

	Sanford et al., 2025 
	★
	0
	0
	★★
(Cases)
	0
	★★
	0
	5
	Fair (Moderate) 

	Sarisik et al., 2024 
	0
	0
	0
	★★
(Cases)
	0
	★
	0
	3
	Poor (High) 

	Sone et al., 2022 
	★
	0
	0
	★★
(Symptoms)
	★★
	★★
	★
	8
	Good (Low) 

	Wagenmakers et al., 2023 
	0
	0
	0
	★★
(Symptoms)
	★
	★★
	0
	5
	Fair (Moderate) 

	Wolf et al., 2021 
	0
	0
	0
	★★
(Cases)
	★
	★★
	0
	5
	Fair (Moderate) 

	Wrigglesworth et al., 2022 
	★
	0
	★
	★★
(Symptoms)
	★★
	★★
	★
	9
	Good (Low) 

	Xu et al., 2025a 
	★
	0
	0
	★★
(Cases)
	★★
	★★
	★
	8
	Good (Low) 

	Xu et al., 2025a 
	★
	0
	0
	★★
(Cases)
	★★
	★★
	★
	8
	Good (Low) 

	Zhao et al., 2022  
	0
	0
	0
	★★
(Cases)
	★
	★★
	0
	5
	Fair (Moderate) 

	Anxiety 

	Han et al., 2021 
	0
	0
	0
	★★
(Cases)
	★★
	★★
	★
	7
	Good (Low) 

	
	0
	0
	0
	★★
(Symptoms)
	★★
	★★
	0
	6
	Fair (Moderate) 

	Karim et al., 2021 
	★
	0
	0
	★★
(Symptoms)
	★★

	★★

	★

	8
	Good (Low) 

	Leonardsen et al., 2022 
	★
	0
	0
	0
(Symptoms)
	★★
	★
	0
	4
	Poor (High) 

	Mareckova et al., 2020 
	★
	0
	0
	★★
(Symptoms)
	★
	★★
	0
	6
	Fair (Moderate) 

	Rilling et al., 2025 
	★
	0
	0
	★★
(Symptoms)
	★
	★★
	0
	6
	Fair (Moderate) 

	 Post-Traumatic Stress Disorder 

	Clausen et al., 2022 
	0

	0
	0
	★★
(Cases)
	★★
	★★
	★
	7
	Good (Low) 

	
	0
	0
	0
	★★
(Symptoms)
	★
	★★
	0
	5
	Fair (Moderate) 

	Seeley et al., 2025 
	0
	0
	0
	★★
(Cases)
	★
	★★
	★
	6
	Fair (Moderate) 

	Wolf et al., 2021 
	0
	0
	0
	★★
(Cases)
	★
	★★
	0
	5
	Fair (Moderate) 

	Zhao et al., 2022  
	0
	0
	0
	★★
(Cases)
	★
	★★

	0
	5
	Fair (Moderate) 

	Psychological stress 

	Abram et al., 2023 
	0
	0
	0
	★★
	0
	★★
	0
	4
	Poor (High) 

	Karim et al., 2021 
	★
	0
	0
	★★
	★★

	★★
	★
	8
	Good (Low) 

	Moon et al., 2025 
	0
	0
	0
	0
	★★

	★★
	0
	4
	Poor (High) 

	Rilling et al., 2025 
	★
	0
	0
	★★
	★
	★★
	0
	6
	Fair (Moderate) 

	Social isolation 

	De Lange et al., 2021 
	★

	0
	0
	★
	★
	★★
	0
	5
	Fair (Moderate) 

	Loneliness 

	De Lange et al., 2021 
	★
	0
	0
	★
	★
	★★
	0
	5
	Fair (Moderate) 

	Leonardsen et al., 2022 
	★
	0
	0
	0
	★★
	★
	0
	4

	Poor (High) 

	Moon et al., 2025 
	0
	0
	0
	0
	★★
	★★
	0
	4
	Poor (High) 

	Neuroticism 

	De Lange et al., 2021 
	★
	0
	0
	★★
	★
	★★
	0
	6
	Fair (Moderate) 

	Karim et al., 2021 
	★
	0
	0
	★★
	★★
	★★
	★
	8
	Good (Low) 

	Leonardsen et al., 2022 
	★
	0
	0
	0
	★★
	★
	0
	4
	Poor (High) 

	Moon et al., 2025 
	0
	0
	0
	★★
	★★
	★★
	0
	6
	Fair (Moderate) 

	a Where an article reported more than one study, studies were rated individually. Note: The NOS adapted for cross-sectional studies was used to assess the quality of 41 cross-sectional studies in this review. When a study reported both cases and symptoms (for example, cases of depression and depressive symptoms), we assessed the quality for each separately because studies may have used different quality of methods to report or measure them. Criteria for each subscale were identified based on the review’s aims and the specific sample and methodological characteristics of the included studies. The total score (0-10) across all subscales was used to classify overall study quality according to the Agency for Healthcare Research and Quality (AHRQ) standards: good/low risk of bias (>7), fair/moderate risk of bias (5–7), and poor/high risk of bias (<5). Details of the criteria for each subscale item are provided below: 
· Representativeness of the sample: 1 star = truly representative of the average cognitively unaffected adult participant (all subjects or random sampling) i.e. sample was recruited to reflect the population, or somewhat representative of the average cognitively unaffected adult participant (non-random sampling e.g. groups from hospitals or clinics), 0 stars = not representative of the average cognitively unaffected adult participant e.g., a selected group of only those with MRI available) or no description of the derivation of the cohort. 
· Sample size: 1 star = justified and satisfied for the analysis of interest (i.e., priori sample size classification / power), 0 stars = not justified or no information provided. 
· Non-respondents/missing data: 1 star = reported a flow diagram or description of primary or secondary data to the final sample and had a completion rate > 80% (i.e., the number of participants who completed psychosocial and brain age measure from the cohort), 0 stars = no diagram and/or description or unclear or less than 80% completion  
· Ascertainment of exposure: 2 stars = validated psychosocial measure (e.g. DSM-5 or validated questionnaire), 1 star = non-validated tool but adequately described 0 stars = no description of measure or unclear description 
· Confounding controlled: 2 stars = study matches for age in the design and/or adjusted in the analysis (important confounder) AND any additional relevant factors (e.g. sex, education), 1 star = study matches for age in the design and/or adjusted in the analysis OR additional relevant factor only, 0 stars = study does not match in the design or adjust for confounding factors in the analysis. If both adjusted and unadjusted models are reported, rate on the adjusted model.  
· Outcome assessment: 2 stars = brain age was measured using a validated or clearly described model (e.g., input features, algorithm) i.e. a widely trained model, 1 star = brain age was measured using a non-validated (or once pre-trained) model and then apply it (e.g. half on UKBB then tested on other UKBB) or 0 = inadequately described / not described 
· Statistics:1 star = statistical tests used were clearly described, appropriate, and where relevant included measures of association with precise probability levels (p-values) and CI, 0 star = statical tests not appropriate, not described, or incomplete (i.e. missing precise P or CI). Rated using the adjusted model where available 
Abbreviations: AHRQ, Agency for Healthcare Research and Quality. 


 
 














Supplementary Table 5B: Newcastle-Ottawa Scale (NOS) quality assessment adapted for longitudinal studies 
	
Author, Year
	Selection
	Comparability
	Outcome
	Score
	Study Quality

	
	Representativeness of exposed cohort
	Selection of non-exposed cohort
	Ascertainment of exposure
	Demonstration that outcome of interest was not present at the start of the study

	Confounding controlled
	Ascertainment of outcome
	Was follow up long enough for outcome to occur + adequacy of follow up cohorts
	Total
	AHRQ rating (risk of bias)

	Depression 

	Dintica et al., 2023 
	★
	N/A
	★★
(Symptoms)
	0
	★★
	★★
	★
	8
	Good (Low) 

	Simons et al., 2023 
	★
	N/A
	★★
(Symptoms)
	0
	★★
	★★
	★
	8
	Good (Low) 

	Wrigglesworth et al., 2022 
	★
	N/A
	★★
(Symptoms)
	★
	★★
	★★
	★
	9
	Good (Low) 

	Social isolation

	Lay-Yee et al., 2023 
	★
	N/A
	★
	0
	★★
	★★
	★
	7
	Good (Low)

	Loneliness 

	Lay-Yee et al., 2023 
	★
	N/A
	★
	0
	★★
	★★
	★
	7
	Good (Low) 

	Simons et al., 2023 
	★
	N/A
	★★
	0
	★★
	★★
	★
	8
	Good (Low) 

	Note: The NOS for cohort studies was used to assess the quality of 4 longitudinal studies in this review. Although some of the subscale criteria differed from those for cross-sectional studies, the overall approach remained consistent. The total score across subscales classified study quality based on AHRQ standards: good/low risk of bias (>7), fair/moderate risk of bias (5–7), and poor/high risk of bias (<5). Detailed criteria for each subscale item are provided below: 
· Representativeness of the sample: 1 star = truly representative of the average cognitively unaffected adult participant (all subjects or random sampling) i.e. sample was recruited to reflect the population, or somewhat representative of the average cognitively unaffected adult participant (non-random sampling e.g. groups from hospitals or clinics), 0 stars = not representative of the average cognitively unaffected adult participant e.g., a selected group of only those with MRI available) or no description of the derivation of the cohort. 
· Selection of non-exposed cohort: 1 star = HC drawn from same population as the exposed cohort (i.e., comparable population without exposure) i.e. both groups recruited the same, 0 stars = HC drawn from a different source or no description of the derivation of cohort provided. Note if only a healthy control group has been analysed = N/A. 
· Ascertainment of exposure: 2 stars = validated psychosocial measure (e.g. DSM-5 or validated questionnaire), 1 star = non-validated tool but adequately described or 0 stars = no description of measure or unclear description 
· Demonstration that outcome of interest was not present at start of study: 1 star = participants did not exhibit the outcome of interest at baseline (e.g., cognitive impairment) i.e. excluded those with cognitive impairment.   
· Comparability of Cohorts on the basis of the Design or Analysis / confounding controlled: 2 stars = study matches for age in the design and/or adjusted in the analysis (important confounder) AND any additional relevant factors (e.g. sex, education), 1 star = study matches for age in the design and/or adjusted in the analysis OR additional relevant factor only, 0 stars = study does not match in the design or adjust for confounding factors in the analysis. If both adjusted and unadjusted models are reported, rate on the adjusted model.  
· Outcome assessment: 2 stars = brain age was measured using a validated or clearly described model (e.g., input features, algorithm) i.e. a widely trained model, 1 star = brain age was measured using a non-validated (or once pre-trained) model and then apply it (e.g. half on UKBB then tested on other UKBB) or 0 = inadequately described / not described 
· Was follow up long enough for outcome to occur + adequacy of follow up cohorts: 1 star = for studies of early-adulthood a minimum of a transition of age periods (e.g. early to middle-adulthood), for middle- or older-adulthood a minimum of two years 
Abbreviations: AHRQ, Agency for Healthcare Research and Quality. 


 

Supplementary Table 6: Measures used for the psychosocial risk factors

	Psychosocial risk factor
	Measure
	k (%)

	Depression

	MDD 
	Diagnostic classification (e.g., Diagnostic and Statistical Manual of Mental Disorders IV)
	13 (52%)

	
	Diagnostic classification and cut-off score (e.g., Diagnostic and Statistical Manual of Mental Disorders IV and Montgomery–Åsberg Depression Rating Scale ≥24)
	6 (24%)

	
	Informant-reported information (e.g., next-of-kin mini-international neuropsychiatric interview)
	3 (12%)

	
	Clinical records (e.g., psychological autopsy data)
	3 (12%)

	Depressive symptoms
	Hamilton Rating Scale for Depression
	8 (42.1%)

	
	Beck Depression Inventory
	3 (15.8%)

	
	Centre for Epidemiologic Studies Depression Scale
	3 (15.8%)

	
	Geriatric Depression Scale 
	3 (15.8%)

	
	Montgomery–Åsberg Depression Rating Scale
	2 (10.5%)

	
	Patient Health Questionnaire-9 
	1 (5.3%)

	
	Short Mood and Feelings Questionnaire 
	1 (5.3%)

	
	Inventory for Depressive Symptoms
	1 (5.3%)

	
	Mini-Mood and Anxiety Symptom Questionnaire 
	1 (5.3%)

	Anxiety

	Anxiety cases
	Composite international diagnostic interview
	1 (100%)

	Anxiety symptoms
	Spielberger State-Trait Anxiety Inventory 
	2 (40%)

	
	Beck Anxiety Inventory 
	1 (20%)

	
	Hamilton Anxiety Rating Scale 
	1 (20%)

	
	Not reported 
	1 (20%)

	PTSD

	PTSD cases
	Diagnostic system (e.g., Clinician-Administered PTSD Scale for DSM-5)
	2 (50%)

	
	Informant-reported information (e.g., next-of-kin mini-international neuropsychiatric interview)
	2 (50%)

	PTSD symptoms
	Clinician-Administered PTSD Scale for DSM-5
	1 (100%)

	Psychological stress

	
	Perceived Stress Scale 
	3 (75%)

	
	Not reported 
	1 (25%)

	Social isolation

	
	Scores of two or more on three binary questions 
	1 (50%)

	
	Child isolation using two items from the Rutter Child Scale, and adult isolation with informant reported ordinal data in response to one question 
	1 (50%)

	Loneliness

	
	Not reported 
	2 (50%)

	
	binary yes/no question 
	1 (25%)

	
	UCLA Loneliness Scale 
	1 (25%)

	Neuroticism

	
	Neuroticism Subscale from 5-Factor Inventory 
	2 (50%)

	
	Eysenck Personality Questionnaire-Revised Short Form 
	1 (25%)

	
	Not reported 
	1 (25%)



Supplementary Table 7: Brain age metrics used

	Brain Age Metric
	Examples
	k (%)

	Brain-based age minus chronological age metric which determines accelerated or decelerated brain age in relation to chronological age
	Brain-predicted age difference (Brain-PAD)
	37 (84.1%)

	
	Electrophysiological age gap estimate (EphysAGE),
	

	
	Brain age gap estimate (BrainAGE)

	

	
	Brain age gap (BAG)
	

	Predicted brain age which is when no difference between chronological age was estimated
	Estimated brain age
	2 (4.5%)


	
	Brain age
	

	Brain-based age minus chronological age and a predicted brain age
	Brain-PAD and estimated brain age
	2 (4.5%)

	Brain age residual which is the residual of brain age after regressing out chronological age
	DNA methylation age residual (DNAm age residual)
	5 (11.3%)



	
	Ribonucleic acid age residual (RNA age residual)
	

	
	Brain age residual
	





