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	1a
	Diagnostic accuracy and cost-effectiveness of automated image analysis software for screening of diabetic retinopathy: a systematic review 
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	  Contributions
	3b
	MD, LV, AK, and AK1 were involved in the conception and design of this review protocol.  conceived the study. The search strategy was developed by PV, NC, AK1, NJ, and AC. VM and AB will be involved in statistical analysis. AC, AK, AK1, VM, PV, and PS will be involved in data extraction, verification and quality appraisal of evidence. These authors will be involved in the interpretation of data, grading evidence, and constructing results. MD, LV, GM, and VG will supervise the data analysis and contribute significant intellectual and clinical content.  All authors edited and approved this manuscript.
Guarantor: NA

	Amendments
	4
	Any amendments will be explained in the final manuscript of the review. 

	Support

	  Sources
	5a
	Not applicable 

	  Sponsor
	5b
	Not applicable 

	  Role of sponsor/funder
	5c
	Not applicable 

	INTRODUCTION

	Rationale
	6
	With the advancement in artificial intelligence solutions for diabetic retinopathy grading it becomes essential to study their diagnostic performance and cost-effectiveness. 

	Objectives
	7
	This review is aimed to study the diagnostic accuracy and cost-effectiveness of automated image software for DR screening using human graders as the reference standard.  


	METHODS

	Eligibility criteria
	8
	Population
Patients with Type II or Type I diabetes mellitus aged 18 years.  No restriction by sex, socioeconomic status, ethnicity, religion, and geographic location. Studies where <10% of the population is aged <18 years and rest 90% are adults will be included. Similarly studies where <10% of the population has other co-morbidities and rest 90% have diabetes will be included.
Index test
Studies examining screening for diabetic retinopathy using fundus camera by ophthalmologist/optometrist/non-ophthalmologist in conjunction with grading by Artificial Intelligence (AI) will be included.  Studies must classify the results by ICDR, NSC-UK, Scottish or ETDR classification [27–30]. Studies that have not used a recognisable reference standard, included children and do not report data separately, or used the test for monitoring or surveillance rather than diagnosis will not be include.
Comparator test	
Screening by retina examination by a qualified eye care professional.
Reference standard	
Grading done by ophthalmologists using as per ICDR/ NSC-UK/ Scottish/ 7 standard fields of ETDRS.

Outcomes: 
Diagnostic Study 
· Sensitivity and specificity of AI solutions
· Area under the receiver operating curve (AUC) of different strategies
· Accuracy and prevalence-adjusted and bias-adjusted kappa (PABAK)
· % Correct as analyzed by artificial intelligence
Diagnostic accuracy (if stated)
Economic study: 
· Incremental cost effectiveness
· Incremental cost utility
· Net monetary benefits 
Benefit: cost ratio
Study designs: 
With regard to DTA studies cross-sectional, and cohort studies will be considered for inclusion. Randomised control trials will only be included if study participants have received both the index test and a reference standard. Animal studies, editorial, case studies, case control will not be included. 
With regard to economic studies, full economic evaluations (cost effectiveness, cost utility and cost-benefit analyses) of human verses automated decision support system/artificial intelligence/deep learning network to classify full scale diabetic retinopathy conducted as a part of a single study, or a model-based study. Partial economic evaluation e.g., coat analyses; cost outcome descriptions, or resource descriptions will not be included.

	Information sources
	9
	Please see item # 10 below.

	Search strategy
	10
	We will undertake a literature search of relevant articles using a comprehensive search strategy, The search strategy is detailed in supplementary table S1. 
· Diagnostic test accuracy (DTA) studies: We will search studies published upto May 2023 from January 2000 onwards on Web of Science, MEDLINE (PubMed), EMBASE, Ovid, Cumulative Index to Nursing and Allied Health Literature (CINAHL), Cochrane Database of Systematic Reviews (CDSR). We assume that before 2000 artificial intelligence algorithms were not used to classify DR. Additionally, consultation with experts in the field; and the National Screening Programme for Diabetic Retinopathy (NSPDR if any) will be done. 
Economic studies: We will identify previous economic evaluations of AI-based screening for DR by adapting the diagnostic accuracy search strategy by replacing diagnostic filter terms with economics filter terms. Additionally, we will search economic evaluation databases (NHS Economic Evaluation Database; Cost-effectiveness Analysis Registry), and Health Technology Assessment (HTA) database (from database inception to May 2023). 

	Study records

	  Data management
	11a
	Using the databases created in Endnote for both DTA and Economic evaluation studies, screening and selection will be performed separately and will be in done in two stages.

	  Selection process
	11b
	For the first stage, independent screening of the title and abstract by two different review authors each for both DTA studies and Economic studies. Full-text screening will be done for all articles that are considered potentially relevant by either review author, or where relevance cannot be determined from the title or abstract. For the second stage, full-text articles will be independently screened by two review authors for final selection. Any disagreement for inclusion will be decided by discussion or, if necessary by a third reviewer. A record of included and excluded papers at each stage of the screening process will be reported in a PRISMA flow diagram.  


	  Data collection process
	11c
	After the selection of studies data will be extracted for both DTA and economic studies using separate standardized data extraction tools. 


	Data items
	12
	The data categories will include source, study methods, participant characteristics, disease characteristics, index and reference test, data collection methods, costing component, costing characteristics, and outcome. 

The data extraction tool can be viewed in the supplementary table S2
Outcomes: Please see item # 13 below.

	Outcomes and prioritization
	13
	Outcomes:

Diagnostic study:
·  Sensitivity and specificity of AI solutions
· Area under the receiver operating curve (AUC) of different strategies
· Accuracy and prevalence-adjusted and bias-adjusted kappa (PABAK)
· % Correct as analyzed by artificial intelligence
Diagnostic accuracy (if stated)

Economic study: 
· Costs and resource used for different screening approaches
· Outcome measures from evaluations (e.g clinical outcomes, quality adjusted life years) 
· Health state utilities and how they were elicited. 
· Incremental cost-effectiveness and net monetary benefit.


	Risk of bias in individual studies
	14
	The risk of bias will be assessed independently by two authors and reviewed by a third author using the following tools: 

•	DTA studies:  Quality Assessment of Diagnostic Studies- Comparative (QUADAS-C) on the following domains: participant selection; DR diagnosis Index test; DR diagnosis reference test, and flow/timing.

•	Economic evaluations: Consolidated Health Economic Evaluation Reporting Standards (CHEERS) will be used. Model-based economic evaluation studies will be assessed for risk of bias with the tool chosen to be applicable to the underlying study design. The following domains will be assessed: resource use, costs unit, magnitude, time horizon, analytic perspective.

	Data

	Synthesis
	15a
	For DTAs, we will use Q-statistic to investigate heterogeneity of each study. Heterogeneity will be investigated by visual inspection of Forest plots of paired sensitivity and specificity values and summary receiver operating characteristic (SROC) plots of the raw data. We will also perform subgroup analysis using Hierarchical SROC regression models, and by keeping demographic and socio-economic variables as covariates to assess the effects of heterogeneity. The effectiveness of the models will be evaluated in terms of estimability (percentage of meta-analyses that successfully converged and percentage where the between study correlation was estimable), bias, mean square error, and coverage of the 95% confidence intervals.. A comprehensive checklist, developed by the Cochrane Methods Working Group, will be used. Tests will also be applied to avoid any residual confounding.
For economic evaluations, there will be no tests for heterogeneity for identified economic evaluations.  Rather the narrative synthesis will seek to identify potential reasons why the results between different studies may differ.

	
	15b
	DTA Studies 
For DTA studies, the quantitative data will be summarised in tabular form accompanied by a narrative description of the data.  For our primary analysis the unit of analysis will be the eye.  Secondary analyses will be the eye and the study participant.  For each analysis a 2x2 table will be used where results from the studies will be labelled as true positive, true negative, false positive and false negative with reference standard. Forrest plots will be produced, if possible, to perform bivariate meta-analyses of the sensitivity and false positive rate (1-specificity) of each index test and use these data to derive summary receiver operating characteristic curves.  One of the possible cut-off point for RoC curve can be (1-sensitivity)2+(1-specificity)2. Although, we can confirm the cut-offs using an alternative approach. It will be calculated by taking the maximum value of Youden’s Index, which is defined as (sensitivity+specificity-1).
All statistical analyses will be performed using R and RStudio, and monitoring of data will be performed using MS-Excel.


Economic studies 
Characteristics and results of included economic studies will be summarised using additional tables, supplemented by a narrative summary that will compare and evaluate methods used and principal results between studies. This includes the currency and price year of costs, incremental cost and incremental cost-effectiveness ratios.  If it is not possible to express costs in this way, then these results will be expressed as the most recent International Dollars value using implicit price deflators for GDP and GDP Purchasing Power Parities [34]. Where possible, unit cost data will also be combined and summarised. Outcome measures will also be summarised and any methods used to elicit preferences will be noted

	
	15c
	For DTA studies, if the data allow we will perform sensitivity analysis based on risk of bias or other PICO elements, study design characteristics and the gold standards used by the authors.

For economic evaluations we will explore whether differences in study conduct or PICO elements could explain differences in results and conclusions between studies.

	
	15d
	For DTA studies, if studies are not pooled, we will present coupled sensitivity and specificity plots and synthesizing evidence qualitatively.

	Meta-bias(es)
	16
	We do not plan to formally investigate reporting bias, as consensus of a validated method for the determination of reporting bias for Diagnostic Test Accuracy review has not been reached. However, we will produce funnel plots to detect asymmetry, using Rstudio [33]. 
We will seek to identify any DTA studies where an economic evaluation was planned but no corresponding report was identified.  The expectation being that for studies that did not show a difference in favour of AI or were inconclusive planned economic evaluations might not be reported.


	Confidence in cumulative evidence
	
	We will use GRADE to grade the strength of body of evidence



