Supplementary Appendix 1
Comprehensive Database Search Strategy
Scoping Review: Artificial Intelligence and Machine Learning Applications for Cardiovascular Disease Risk Identification and Stratification in People Living with HIV (PLWH)
Search conducted: Inception through April 30, 2025 | Screening platform: Rayyan (Qatar Computing Research Institute) | Reported per PRISMA-S (Rethlefsen et al., 2021)


Search Overview

	Parameter
	Details

	Databases searched
	PubMed/MEDLINE, Embase, CINAHL, Web of Science, Google Scholar, medRxiv

	Additional sources
	Hand-searching of reference lists of all included studies and relevant reviews; ClinicalTrials.gov

	Search date
	April 30, 2025

	Date restrictions
	None — inception to search date

	Language restrictions
	None applied at initial search

	Screening platform
	Rayyan (rayyan.ai) — dual-reviewer blinded screening; conflicts resolved by consensus

	Automation tools
	None — all inclusion/exclusion decisions made by human reviewers

	Total records identified
	815 (databases) + 12 (hand-searching) = 827 records

	Duplicates removed
	215 records

	Records after deduplication
	612 records

	Title/abstract excluded
	569 records

	Full texts assessed
	43 records

	Full texts excluded
	37 records (traditional models only n=17; non-HIV n=11; no CVD/stroke outcome n=7; review/editorial n=2)

	Studies included
	n = 6



Database Yield Summary

	Database
	Records (n)
	% of total
	Notes

	PubMed/MEDLINE
	n = 189
	23.2%
	MeSH + free-text; largest single-database yield

	Embase
	n = 213
	26.1%
	Emtree + ti,ab; highest yield — strong European coverage

	CINAHL
	n = 78
	9.6%
	CINAHL headings + TI/AB; nursing/allied health focus

	Web of Science
	n = 156
	19.1%
	TS= field; multi-disciplinary coverage

	Google Scholar
	n = 138
	16.9%
	First 138 results by relevance; Zotero capture

	medRxiv
	n = 41
	5.0%
	Preprint server; 2 preprints advanced to full-text

	Subtotal (databases)
	n = 815
	100%
	




	Hand-searching
	n = 12
	—
	Reference lists of 6 included studies + 3 eligible reviews; ClinicalTrials.gov

	TOTAL IDENTIFIED
	n = 827
	
	After deduplication: n = 612



Core Boolean Search String (Conceptual Framework)
The following string formed the conceptual basis for all searches. Syntax was adapted to each database's controlled vocabulary and field tags. Three concept blocks were combined using the Boolean operator AND; terms within each block were combined using OR.( "HIV" OR "HIV Infections" OR "Human Immunodeficiency Virus" OR "people living with HIV" OR "PLWH" OR "HIV-positive" )
AND
( "cardiovascular disease" OR "stroke" OR "cerebrovascular" OR "coronary artery disease" OR "myocardial infarction"
OR "heart failure" OR "MACE" ) AND
( "artificial intelligence" OR "machine learning" OR "deep learning" OR "neural network" OR "random forest" OR "gradient boosting"
OR "XGBoost" OR "LightGBM" OR "support vector machine" OR "Bayesian network" OR "natural language processing"
OR "risk prediction model" OR "clinical decision support" )


Database-Specific Search Strategies

Search note: MeSH Medical Subject Headings combined with free-text [tiab] terms. No date or language filters applied.
Yield: n = 189
pubmed.ncbi.nlm.nih.gov | Free — no login
1. PubMed / MEDLINE

Search string:("HIV"[tiab] OR "HIV Infections"[MeSH Terms] OR "Human Immunodeficiency Virus"[tiab] OR "people living with HIV"[tiab] OR "PLWH"[tiab] OR "HIV-positive"[tiab]
OR "HIV infected"[tiab]) AND
("cardiovascular disease"[tiab] OR "Cardiovascular Diseases"[MeSH Terms] OR "stroke"[tiab] OR "Stroke"[MeSH Terms]
OR "cerebrovascular"[tiab] OR "Cerebrovascular Disorders"[MeSH Terms]
OR "coronary artery disease"[tiab] OR "Coronary Artery Disease"[MeSH Terms] OR "myocardial infarction"[tiab] OR "Myocardial Infarction"[MeSH Terms]
OR "heart failure"[tiab] OR "Heart Failure"[MeSH Terms]
OR "MACE"[tiab] OR "major adverse cardiovascular event"[tiab]) AND
("artificial intelligence"[tiab] OR "Artificial Intelligence"[MeSH Terms] OR "machine learning"[tiab] OR "Machine Learning"[MeSH Terms]
OR "deep learning"[tiab] OR "Deep Learning"[MeSH Terms]
OR "neural network"[tiab] OR "Neural Networks, Computer"[MeSH Terms] OR "random forest"[tiab] OR "gradient boosting"[tiab]
OR "XGBoost"[tiab] OR "LightGBM"[tiab]
OR "support vector machine"[tiab] OR "Bayesian network"[tiab] OR "natural language processing"[tiab]
OR "risk prediction model"[tiab] OR "clinical decision support"[tiab])


Search note: Emtree thesaurus terms (/exp explodes to include narrower terms) combined with title/abstract (ti,ab) free-text. Searched via Elsevier Embase platform.
Yield: n = 213
embase.com | Institutional login required
2. Embase

Search string:#1 'HIV infection'/exp OR 'human immunodeficiency virus'/exp OR HIV:ti,ab OR 'people living with HIV':ti,ab
OR PLWH:ti,ab OR 'HIV positive':ti,ab OR 'HIV-positive':ti,ab

#2 'cardiovascular disease'/exp OR 'stroke'/exp
OR 'cerebrovascular disease'/exp OR 'coronary artery disease'/exp OR 'myocardial infarction'/exp OR 'heart failure'/exp
OR 'cardiovascular disease':ti,ab OR stroke:ti,ab
OR cerebrovascular:ti,ab OR 'myocardial infarction':ti,ab OR 'heart failure':ti,ab OR MACE:ti,ab
#3 'artificial intelligence'/exp OR 'machine learning'/exp OR 'deep learning'/exp OR 'neural network'/exp
OR 'natural language processing'/exp
OR 'machine learning':ti,ab OR 'deep learning':ti,ab OR 'neural network':ti,ab OR 'random forest':ti,ab
OR 'gradient boosting':ti,ab OR XGBoost:ti,ab OR LightGBM:ti,ab OR 'support vector machine':ti,ab OR 'Bayesian network':ti,ab
OR 'risk prediction model':ti,ab OR 'clinical decision support':ti,ab

#4 #1 AND #2 AND #3


Search note: CINAHL Subject Headings (MH) combined with Title (TI) and Abstract (AB) free-text fields. Boolean/Phrase mode selected.
Yield: n = 78
search.ebscohost.com | Institutional login required
3. CINAHL Complete (via
EBSCOhost)

Search string:(MH "HIV Infections") OR (TI HIV) OR (AB HIV)
OR (TI "Human Immunodeficiency Virus") OR (AB "Human Immunodeficiency Virus") OR (TI "people living with HIV") OR (AB "people living with HIV")
OR (TI PLWH) OR (AB PLWH) OR (TI "HIV-positive") OR (AB "HIV-positive") AND
(MH "Cardiovascular Diseases") OR (MH "Stroke")
OR (TI "cardiovascular disease") OR (AB "cardiovascular disease")
OR (TI stroke) OR (AB stroke) OR (TI cerebrovascular) OR (AB cerebrovascular) OR (TI "myocardial infarction") OR (AB "myocardial infarction")
OR (TI "heart failure") OR (AB "heart failure") OR (TI MACE) OR (AB MACE) AND
(MH "Artificial Intelligence") OR (MH "Machine Learning") OR (TI "machine learning") OR (AB "machine learning")
OR (TI "deep learning") OR (AB "deep learning") OR (TI "neural network") OR (AB "neural network") OR (TI "random forest") OR (AB "random forest")
OR (TI XGBoost) OR (AB XGBoost) OR (TI LightGBM) OR (AB LightGBM)
OR (TI "support vector machine") OR (AB "support vector machine") OR (TI "Bayesian network") OR (AB "Bayesian network")
OR (TI "risk prediction model") OR (AB "risk prediction model")
OR (TI "clinical decision support") OR (AB "clinical decision support")


Search note: Topic field (TS=) searches Title, Abstract, Author Keywords and Keywords Plus simultaneously. All indices included: SCI-E, SSCI, ESCI, CPCI-S, CPCI-SSH.
Yield: n = 156
webofscience.com | Institutional login required
4. Web of Science Core
Collection

Search string:TS=("HIV" OR "Human Immunodeficiency Virus" OR "people living with HIV" OR "PLWH" OR "HIV-positive" OR "HIV infected" OR "HIV infection")
AND
TS=("cardiovascular disease" OR "stroke" OR "cerebrovascular" OR "coronary artery disease" OR "myocardial infarction"
OR "heart failure" OR "MACE" OR "major adverse cardiovascular event") AND
TS=("artificial intelligence" OR "machine learning" OR "deep learning" OR "neural network" OR "random forest" OR "gradient boosting"
OR "XGBoost" OR "LightGBM" OR "support vector machine" OR "Bayesian network" OR "natural language processing"
OR "risk prediction model" OR "clinical decision support")
Search note: Simplified string used (no MeSH/field tags supported). First 138 results sorted by relevance screened (14 pages × 10 results). Records captured using Zotero browser extension and exported as RIS. Search date: April 30, 2025.
Yield: n = 138
scholar.google.com | Free — no login
5. Google Scholar


Search string:
HIV PLWH "cardiovascular disease" OR stroke OR "coronary artery disease" "machine learning" OR "deep learning" OR "artificial intelligence"
OR XGBoost OR LightGBM OR "random forest" OR "neural network"
"risk prediction"

Search note: Two search strings run (A: cardiovascular; B: stroke). Subject filters applied: Cardiovascular Medicine; Infectious Diseases; Health Informatics. 41 unique preprint records identified; 2 advanced to full-text assessment. Preprints are not peer-reviewed and are labelled accordingly in Table 1.
Yield: n = 41
medrxiv.org/search | Free — no login
6. medRxiv (preprint server)

Search string:
String A (cardiovascular):
HIV cardiovascular 'machine learning' OR 'deep learning' OR 'artificial intelligence' OR 'random forest' OR XGBoost OR 'neural network' risk prediction
String B (stroke — supplementary):
HIV stroke 'machine learning' OR 'artificial intelligence' OR 'Bayesian network' OR 'deep learning' prediction


Result: n = 0 unique eligible studies. Searched for registered AI/ML CVD risk trials in HIV-positive populations (inception – April 30, 2025). No completed or active registered trials meeting all inclusion criteria were identified beyond those already captured through database searching. Count recorded as n = 0 in PRISMA flow diagram right column (other sources).
Yield: n = 0
clinicaltrials.gov/search | Free — no login
7. ClinicalTrials.gov

Search terms used:Condition or disease: HIV; Cardiovascular Diseases
Other terms: cardiovascular AND ('machine learning' OR 'artificial intelligence' OR 'deep learning' OR 'neural network' OR 'risk prediction')
Status: Completed | Recruiting | Active not recruiting
Date range: Inception – April 30, 2025
Reference lists of all 6 included studies and 3 relevant scoping/systematic reviews identified during screening were manually screened. A total of 12 unique records were identified via hand-searching. All 12 records were screened at title/abstract level; none met full inclusion criteria beyond studies already captured through database searching. Recorded as n = 12 in the PRISMA flow diagram right column (other sources).
Yield: n = 12
Manual process | Performed after database search completion
8. Hand-searching (reference
lists)


Sources hand-searched:
Included studies (n = 6):
Liu Z et al. BMC Med Inform Decis Mak. 2024 Liu H et al. Front Med. 2025
Cernuschi AL et al. Oper Res Int J. 2025 Chia YC et al. BMC Cardiovasc Disord. 2023 Chen Y et al. BMC Infect Dis. 2025
Dlamini N et al. medRxiv. 2024

Relevant reviews whose reference lists were also hand-searched:
Yu J et al. Front Cardiovasc Med. 2023 (HIV CVD prediction models — systematic review) Feinstein MJ & Hsue PY. Circ Cardiovasc Imaging. 2023 (AI in HIV CVD — editorial/review) Sabin CA et al. AIDS. 2024 (D:A:D model update — reference lists searched for ML studies)



Search Concept Framework (PCC + Method)

	Concept 1 — Population HIV / PLWH
	Concept 2 — Concept/Outcome CVD / Stroke
	Concept 3 — Method AI / Machine Learning




	HIV
	cardiovascular disease
	artificial intelligence (MeSH)

	HIV Infections (MeSH)
	Cardiovascular Diseases (MeSH)
	machine learning (MeSH)

	Human Immunodeficiency Virus
	stroke / Stroke (MeSH)
	deep learning (MeSH)

	people living with HIV
	cerebrovascular
	neural network (MeSH)

	PLWH
	coronary artery disease (MeSH)
	random forest

	HIV-positive
	myocardial infarction (MeSH)
	gradient boosting

	HIV infected
	heart failure (MeSH)
	XGBoost / LightGBM

	
	MACE
	support vector machine

	
	
	Bayesian network

	
	
	natural language processing (MeSH)

	
	
	risk prediction model

	
	
	clinical decision support



Abbreviations and Field Tag Definitions
1. Search conducted: Database inception through April 30, 2025. No date or language restrictions applied.
2. MeSH = Medical Subject Headings (PubMed/MEDLINE controlled vocabulary). tiab = Title and Abstract field tag (PubMed). /exp = Emtree exploded term (Embase — includes all narrower terms). ti,ab = Title and Abstract field (Embase). MH = CINAHL Subject Heading. TI = Title field. AB = Abstract field (CINAHL/EBSCOhost). TS = Topic field (Web of Science — searches title, abstract, keywords simultaneously).
3. Google Scholar does not support controlled vocabulary or field-restricted Boolean syntax; a simplified string was used and results were limited to the first 138 records sorted by relevance.
4. medRxiv preprints are not peer-reviewed. One preprint (Dlamini N et al., 2024) meeting inclusion criteria is included in this review and is clearly labelled as a preprint in Table 1; findings are interpreted with appropriate caution.
5. Screening: All records imported into Rayyan (rayyan.ai). Duplicate removal performed by Rayyan. Title/abstract and full-text screening performed independently by two reviewers; conflicts resolved by discussion or third reviewer. No AI-assisted automation tools were used to make eligibility decisions.
6. Reported in accordance with PRISMA-S: Rethlefsen ML, et al. Syst Rev. 2021;10:39. doi:10.1186/s13643-020-01542-z
7. PRISMA flow diagram reported per: Page MJ, et al. BMJ 2021;372:n71. doi:10.1136/bmj.n71
8. Scoping review reported per PRISMA-ScR: Tricco AC, et al. Ann Intern Med. 2018;169:467-473. doi:10.7326/M18-0850
