Supplementary Table S2 Summary table of bias risk and quality score for the included studies
	Study (Author, Year)
	Study Design
	Assessment Tool
	Quality Score
	Overall Judgment
	Notes / Rationale for Judgment

	Yu F et al., 2019
	RCT
	Cochrane ROB 2.0
	6/10
	◉ Some Concerns
	The description of the randomization process is insufficient, and there may be selection bias.

	Al Hajj H et al., 2019
	Cohort Study
	NOS
	8/10
	★★★★★★★★☆ (8/9) - High
	High-quality observational studies perform well in terms of selection, comparability, and result evaluation.

	Wu D et al., 2020
	RCT
	Cochrane ROB 2.0
	4/10
	▲ High Risk
	The lack of allocation concealment and blind implementation poses a high risk of performance and detection bias.

	Fang Z et al., 2022
	RCT
	Cochrane ROB 2.0
	6/10
	◉ Some Concerns
	The implementation of blinding is unclear, and there may be performance bias.

	Laupichler MC et al., 2022
	Pre-Post Study
	NOS
	5/10
	★★★★★★☆☆☆ (6/9) - Moderate
	The absence of a control group makes it impossible to exclude the interference of time factors, and the comparability is limited.

	Han R et al., 2022
	RCT
	Cochrane ROB 2.0
	6/10
	◉ Some Concerns
	The allocation concealment method is unclear, and there may be selection bias.

	Qian X et al., 2022
	Diagnostic Study
	QUADAS-2
	3/10
	▲ High Risk
	The reference standard is not clear, and there is a risk of misclassification.

	Muntean GA et al., 2023
	Cohort Study
	NOS
	7/10
	★★★★★★★☆☆ (7/9) - High
	High-quality cohort studies, but with slight deficiencies in comparability.

	Sevgi M et al., 2024
	Cohort Study
	NOS
	8/10
	★★★★★★★★☆ (8/9) - High
	High-quality observational studies, with rigorous methodology.

	Tabuchi H et al., 2024
	RCT
	Cochrane ROB 2.0
	4/10
	▲ High Risk
	The lack of blinding, posing a high risk of performance bias.

	Yeh HH et al.,2025
	Diagnostic Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	The criteria for case selection are not clear, and there is a selection bias.

	Giap BD et al., 2025
	Diagnostic Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	Employed a case-control design with inherent flaws in the reference standard.

	Valikodath NG et al., 2021
	Expert Opinion / Guideline
	-
	N/A
	Level V
	Provides background information arguing for the necessity of AI-powered ophthalmology courses.

	Sevgi M et al., 2024
	Technical Review / Perspective
	-
	N/A
	Level V
	Introduces the technical principles and demonstrates potential application scenarios.

	Nakajima I et al., 2024
	RCT
	Cochrane ROB 2.0
	4/10
	▲ High Risk
	Inadequate implementation of blinding, introducing performance bias.

	Peng J et al., 2024
	RCT
	Cochrane ROB 2.0
	4/10
	▲ High Risk
	Inability to blind participants, leading to potential Hawthorne effect.

	Matton N et al., 2022
	Technical Development
	-
	9/10
	TRL 3
	Provides a technical solution and performance benchmarks, laying the foundation for educational applications.

	Zeng J et al., 2025
	Quasi-experimental Study
	Adapted ROB 2.0
	4/10
	▲ High Risk
	Inability to implement blinding (Hawthorne effect), with an unclear reference standard.

	Ruzicki J et al., 2022
	Diagnostic Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	Opaque construction of the reference standard, introducing risk of misclassification.

	Ducloyer JB et al., 2024
	Prospective Cohort Study
	NOS
	7/10
	★★★★★★★☆☆ (7/9)
	High-quality prospective cohort study, but lacks a control group.

	Ghamsarian N et al.,2024
	Technical Resource
	-
	9/10
	Foundational
	Provides a high-quality dataset, holding significant technical value.

	Tian Y et al., 2024
	Diagnostic Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	Used a flawed surrogate indicator as the reference standard.

	Valikodath NG et al., 2021
	Cross-sectional Survey
	-
	N/A
	Level V
	Rigorous survey methodology, reflecting professional consensus and attitudes.

	Akerman M et al., 2023
	Diagnostic Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	Flawed reference standard, as seniority does not fully represent skill level.

	Tabuchi H et al., 2022
	Diagnostic Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	Unclear reference standard, posing a risk of misclassification.

	Khake A et al., 2024
	Diagnostic Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	Potential circular reasoning in the reference standard; question bank may lack representativeness.

	Tabuchi H et al, 2022
	Narrative Review
	-
	N/A
	Level V
	Provides a domain overview and expert opinion.

	Garcia Nespolo R et al, 2022
	Diagnostic Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	Opaque process for building the reference standard, with concerns about annotation quality.

	Obana A et al, 2021
	Diagnostic accuracy study / Technical development
	QUADAS-2
	7/10
	◉ Some Concerns
	The study presents a novel deep learning approach for correcting cataract influence on macular pigment measurement, demonstrating strong technical feasibility. However, the model was developed and validated on a single-center dataset, which may limit generalizability. External validation in multi-ethnic and diverse cataract populations is needed to confirm robustness.

	Haddad F et al., 2023
	Diagnostic Test Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	ChatGPT answers are uncertain; the testing method may overestimate performance.

	Sabaner MC et al, 2024
	Diagnostic Test Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	Unclear reference standard, posing a risk of misclassification.

	Ruiqi Ma et al., 2024
	Diagnostic Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	Unclear case selection criteria, introducing selection bias.

	Meinert E et al., 2022
	Diagnostic Accuracy Study
	QUADAS-2
	6/10
	◉Some Concerns
	Potential for bias in the implementation of the reference standard, though the overall methodology is relatively rigorous.

	Li X et al., 2021
	Diagnostic Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	Opaque processes for reference standard application and case selection.

	Lyu Q et al., 2021
	Narrative Review
	-
	N/A
	Level V
	Provides a domain overview, not an empirical research study.

	Cheung CY et al., 2022
	Diagnostic Accuracy Study
	QUADAS-2
	3/10
	▲ High Risk
	Retrospective case-control design, susceptible to selection bias.

	Wang J et al., 2025
	Narrative Review
	-
	N/A
	Level V
	Provides technical background, not an empirical research study.

	Huang X et al., 2023
	Systematic Review
	AMSTAR 2
	6/10
	◉Moderate Confidence
	Inadequate description of bias risk assessment methods, representing a limitation.


1.▲ High Risk: There are serious methodological flaws, and the reliability of the results is low.
2.◉Some Concerns: There are certain methodological issues, and the results should be interpreted with caution.
3.● Low Risk/High Quality: The methodology is rigorous and the results are highly reliable.
4.Level V: Expert opinions/reviews, providing background information rather than empirical evidence.
5.TRL: Technology Readiness Level, assessment of technology maturity.
6.Foundational: Basic resources, with significant technological value.
Scoring Criteria Explanation:
1. 8-10 points: High-quality research with rigorous methodology and low risk of bias.
2. 5-7 points: Moderate-quality research with some methodological limitations.
3. 0-4 points: Low-quality research with severe methodological flaws.
4. N/A: Not applicable (non-empirical research, such as reviews, opinion articles).
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