MRI-derived brain age after traumatic brain injury
Supplementary Material
A Systematic Review Finds Variable MRI Derived Brain Age Differences After Adult Traumatic Brain Injury and Limited Evidence on Longitudinal Change and Cognitive Associations
Supplementary Appendix 1. Complete database search strategies (PRISMA-S)
The electronic searches were executed on 16 July 2026 from database inception, with no date, language, human, or adult filters. Human and adult eligibility were applied during screening. The strings below reproduce the strategies as executed.
	Database/platform
	Date executed
	Records retrieved

	PubMed (NCBI)
	16 July 2026
	89

	Scopus (Elsevier)
	16 July 2026
	146

	Web of Science Core Collection (Clarivate)
	16 July 2026
	103

	Total before deduplication
	—
	338


PubMed
#1 "Brain Injuries, Traumatic"[Mesh] OR "Craniocerebral Trauma"[Mesh] OR "traumatic brain injur*"[tiab] OR TBI[tiab] OR mTBI[tiab] OR concussion*[tiab] OR "post-concussion"[tiab] OR postconcussion[tiab] OR "head injur*"[tiab] OR "brain trauma"[tiab] OR "sport-related concussion"[tiab] OR "sports-related concussion"[tiab]
#2 "brain age"[tiab] OR "brain-age"[tiab] OR brainage[tiab] OR "brain aging"[tiab] OR "brain ageing"[tiab] OR "brain age gap"[tiab] OR "brain-age gap"[tiab] OR "brain age difference"[tiab] OR "brain-age difference"[tiab] OR "brain age acceleration"[tiab] OR "brain-age acceleration"[tiab] OR "accelerated brain aging"[tiab] OR "accelerated brain ageing"[tiab] OR "premature brain aging"[tiab] OR "premature brain ageing"[tiab] OR "advanced brain age"[tiab] OR "older appearing brain"[tiab] OR "older-appearing brain"[tiab] OR "brain predicted age"[tiab] OR "brain-predicted age"[tiab] OR "brain predicted age difference"[tiab] OR "brain-predicted age difference"[tiab] OR "predicted brain age"[tiab] OR "estimated brain age"[tiab] OR "apparent brain age"[tiab] OR "predicted age difference"[tiab] OR "age difference score"[tiab] OR "age deviation score"[tiab] OR "brain-PAD"[tiab] OR "brain PAD"[tiab] OR "brain-PAG"[tiab] OR "brain PAG"[tiab] OR "brain age prediction"[tiab] OR "brain age estimation"[tiab] OR "biological brain age"[tiab]
#3 #1 AND #2
Filters: none. Records retrieved: 89.
Scopus
TITLE-ABS-KEY("Brain Injuries, Traumatic" OR "Craniocerebral Trauma" OR "traumatic brain injur*" OR TBI OR mTBI OR concussion* OR "post-concussion" OR postconcussion OR "head injur*" OR "brain trauma" OR "sport-related concussion" OR "sports-related concussion") AND TITLE-ABS-KEY("brain age" OR "brain-age" OR brainage OR "brain aging" OR "brain ageing" OR "brain age gap" OR "brain-age gap" OR "brain age difference" OR "brain-age difference" OR "brain age acceleration" OR "brain-age acceleration" OR "accelerated brain aging" OR "accelerated brain ageing" OR "premature brain aging" OR "premature brain ageing" OR "advanced brain age" OR "older appearing brain" OR "older-appearing brain" OR "brain predicted age" OR "brain-predicted age" OR "brain predicted age difference" OR "brain-predicted age difference" OR "predicted brain age" OR "estimated brain age" OR "apparent brain age" OR "predicted age difference" OR "age difference score" OR "age deviation score" OR "brain-PAD" OR "brain PAD" OR "brain-PAG" OR "brain PAG" OR "brain age prediction" OR "brain age estimation" OR "biological brain age")
Filters: none. Records retrieved: 146.
Web of Science Core Collection
TS=("Brain Injuries, Traumatic" OR "Craniocerebral Trauma" OR "traumatic brain injur*" OR TBI OR mTBI OR concussion* OR "post-concussion" OR postconcussion OR "head injur*" OR "brain trauma" OR "sport-related concussion" OR "sports-related concussion") AND TS=("brain age" OR "brain-age" OR brainage OR "brain aging" OR "brain ageing" OR "brain age gap" OR "brain-age gap" OR "brain age difference" OR "brain-age difference" OR "brain age acceleration" OR "brain-age acceleration" OR "accelerated brain aging" OR "accelerated brain ageing" OR "premature brain aging" OR "premature brain ageing" OR "advanced brain age" OR "older appearing brain" OR "older-appearing brain" OR "brain predicted age" OR "brain-predicted age" OR "brain predicted age difference" OR "brain-predicted age difference" OR "predicted brain age" OR "estimated brain age" OR "apparent brain age" OR "predicted age difference" OR "age difference score" OR "age deviation score" OR "brain-PAD" OR "brain PAD" OR "brain-PAG" OR "brain PAG" OR "brain age prediction" OR "brain age estimation" OR "biological brain age")
Filters: none. Records retrieved: 103.
The expression “brain ag*” was represented by explicit variants (“brain age,” “brain aging,” and “brain ageing”), together with BrainAGE/brainage and specific gap, prediction, and difference-score terms. Explicit variants were used because truncation rules differ across interfaces and the broad stem can reduce precision.
Supplementary Appendix 2. PRESS 2015 peer-review documentation
A.M. developed the PubMed strategy and translated it for Scopus and Web of Science. Before execution, S.B. independently checked the strategy against the six PRESS 2015 domains. A.M. confirmed the final syntax and executed the searches. S.B. then verified that the translated strategies retained both concepts and used the appropriate database field syntax.
	PRESS 2015 domain
	Question addressed
	Peer-review finding in the final strategy

	Translation of the research question
	Do the concepts match the review question?
	Yes. The strategy contains a TBI/concussion concept and an MRI brain-age terminology concept; population and imaging eligibility were applied during screening.

	Boolean and proximity operators
	Are OR/AND combinations and parentheses appropriate?
	Yes. Synonyms are combined with OR; the two concepts are combined with AND. No proximity operator was required for the explicit phrases.

	Subject headings
	Are relevant controlled terms included?
	Yes for PubMed: “Brain Injuries, Traumatic”[Mesh] and “Craniocerebral Trauma”[Mesh]. No dedicated brain-age MeSH term was available, so text words were used.

	Text-word searching
	Are spelling, hyphenation, acronym, and terminology variants represented?
	Yes. TBI/mTBI/concussion variants and brain age/brain-age, aging/ageing, BrainAGE/brainage, gap, prediction, and difference-score variants are explicit.

	Spelling, syntax, and line numbers
	Are interface syntax, field codes, and combinations valid?
	Yes. PubMed [tiab]/[Mesh], Scopus TITLE-ABS-KEY, and Web of Science TS syntax were checked separately.

	Limits and filters
	Are limits justified and consistently applied?
	Yes. No database limits were used; adult and human eligibility were assessed during screening.

	Overall recommendation
	Was revision required before execution?
	Final strategy acceptable for execution; database translations verified.


Supplementary Appendix 3. Supplementary hand-search audit
Extensive supplementary hand-searching was completed on 17 July 2026 to reduce the risk created by lack of access to Embase and PsycINFO. Reference lists were screened in full for every included report and for relevant brain-age reviews. Exact titles, author combinations, and TBI brain-age terms were also used in targeted citation and related-record searches. Potentially relevant records were assessed using the same population, imaging, outcome, and design criteria as the database records. No additional eligible full-text report was identified, and no change to the 15-report inclusion set was required.
	Supplementary-search component
	Sources or terms checked
	Result

	Backward reference-list screening
	All 15 included reports (references 19–33)
	No additional eligible full-text report; relevant TBI brain-age reports were already represented in the screened set

	Relevant-review reference screening
	Broad and methodological brain-age reviews (references 13, 17, and 18)
	The 2021 broad review identified three TBI reports; two met the present MRI criteria and were already included, while the SPECT report was ineligible

	Targeted citation and related-record searching
	Exact study titles, first/senior authors, TBI/concussion, brain age, BAG, predicted age difference
	Retrieved included reports, companion records, pediatric/nonhuman records, and studies without an eligible MRI-derived BAG outcome

	Additional eligible reports
	All supplementary routes
	0


This supplementary search improves coverage but does not reproduce the controlled-vocabulary and indexing advantages of a direct Embase or PsycINFO search; residual database-coverage bias therefore remains possible.
Supplementary Appendix 4. Item-level JBI assessments
Each checklist was applied to the target result specified in the first column. Ratings are reported item by item as Yes (Y), No (N), Unclear (U), or Not applicable (NA). No numerical score, percentage threshold, or overall JBI risk category was calculated. Brain-age-specific methodological characteristics are reported separately in Table 1A of the main manuscript.
Table S4. JBI Case Control checklist.
	Study/target
	CC1
	CC2
	CC3
	CC4
	CC5
	CC6
	CC7
	CC8
	CC9
	CC10

	Cole 2015—TBI/control BAG
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Savjani 2017—TBI/control BAG
	Y
	N
	Y
	Y
	Y
	Y
	N
	Y
	Y
	Y

	Gan 2021—acute TBI/control BAG
	Y
	U
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Zhang 2024—acute TBI/control BAG
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Coetzee 2025—TBI/control BAG
	U
	N
	Y
	Y
	Y
	Y
	N
	Y
	Y
	Y


CC1, groups comparable other than TBI status; CC2, cases and controls appropriately matched; CC3, same identification criteria; CC4, exposure measured validly and reliably; CC5, exposure measured in the same way; CC6, confounders identified; CC7, strategies to address confounding; CC8, outcomes measured validly and reliably; CC9, exposure period appropriate; CC10, appropriate statistical analysis.
Table S5. JBI Analytical Cross-Sectional checklist.
	Study/target
	AX1
	AX2
	AX3
	AX4
	AX5
	AX6
	AX7
	AX8

	Spitz 2022—adjusted BAG contrast
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Posis 2025—lifetime-TBI association
	Y
	Y
	U
	Y
	Y
	Y
	Y
	Y

	Dennis ENIGMA 2024—multicohort contrast
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Shida 2023—regional brain-age effects
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Guay 2025—persistent-symptom subgroup
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Dennis 2022—military cross-sectional result
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y


AX1, inclusion criteria defined; AX2, participants and setting described; AX3, exposure measured validly and reliably; AX4, objective criteria for the condition; AX5, confounders identified; AX6, strategies to address confounding; AX7, outcomes measured validly and reliably; AX8, appropriate statistical analysis.
Table S6. JBI Cohort checklist.
	Study/target
	CO1
	CO2
	CO3
	CO4
	CO5
	CO6
	CO7
	CO8
	CO9
	CO10
	CO11

	Gan 2021—repeated MRI
	Y
	Y
	Y
	Y
	Y
	NA
	Y
	Y
	N
	N
	Y

	Zhang 2024—3-month MRI
	Y
	Y
	Y
	Y
	Y
	NA
	Y
	Y
	U
	U
	Y

	Amgalan 2022—acute to 6 months
	NA
	NA
	Y
	Y
	Y
	NA
	Y
	Y
	U
	U
	N

	Newcombe 2022—post-acute progression
	Y
	Y
	Y
	Y
	Y
	NA
	Y
	Y
	N
	N
	U

	Rodrigues 2026—2 weeks to 6 months
	Y
	Y
	Y
	Y
	Y
	NA
	Y
	Y
	U
	Y
	Y

	Dennis 2022—repeated subset
	Y
	Y
	Y
	Y
	Y
	NA
	Y
	Y
	U
	Y
	Y

	Mayer 2023—four-visit trajectory
	Y
	Y
	Y
	Y
	Y
	NA
	Y
	Y
	Y
	Y
	Y


CO1, groups similar and recruited from the same population; CO2, exposure measured similarly; CO3, exposure measured validly and reliably; CO4, confounders identified; CO5, strategies to address confounding; CO6, outcome absent at baseline where applicable; CO7, outcomes measured validly and reliably; CO8, follow-up time sufficient; CO9, follow-up complete and reasons described; CO10, incomplete follow-up addressed; CO11, appropriate statistical analysis.
Supplementary Appendix 5. Full-text exclusions
	Report
	Primary reason for exclusion

	Plasma biomarkers in chronic single moderate-severe traumatic brain injury
	Companion report; no new eligible BAG outcome

	Anatomic interpretability of deep learning models in neuroimaging
	Technical/interpretability report without an eligible TBI effect

	Associations of enlarged perivascular spaces with brain health after TBI
	Companion report; no new eligible BAG outcome

	Intervention-only brain-age report after treatment
	Intervention-only post-treatment contrast; not eligible for the etiologic synthesis

	Exposure/comparator report without an eligible TBI-versus-control or longitudinal BAG outcome
	Ineligible comparator or outcome
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