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Figure 1. Flow Diagram for Study Selection

a The accepted abstract for this study reported 7 studies included in the analysis, but 
one of these studies was later excluded because it failed to report sufficient detail on 
blindness outcomes.

Note: This diagram describes the inclusion and exclusion of DR screening economic 
modeling studies. Studies reporting on more than two DR screening alternatives or 
reporting both blindness outcomes were permitted to contribute multiple data points to 
the subsequent analysis. 

Figure 2. Improvements in Compliance Versus Reductions in Cases of Blindness 

Note: Dotted line shows best-fit trend line with intercept fixed at 0 (i.e., no increase in compliance = no reduction in blindness).

Figure 3. Improvements in Compliance Versus Reductions in Years of Blindness

Note: Dotted line shows best-fit trend line with intercept fixed at 0 (i.e., no increase in compliance = no reduction in blindness). 
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OBJECTIVE
• To quantify the relationship between improvements in diabetic 

retinopathy (DR) screening compliance and reductions in blindness 
outcomes in published economic modeling studies evaluating new 
DR screening programs or technologies.

BACKGROUND
• DR is a leading cause of blindness in the United States and globally 

despite annual DR screening recommendations and the availability 
of effective treatments.1 

• Compliance with DR screening recommendations has remained 
between 40% and 60% in recent decades,2,3 motivating policy 
initiatives and technological innovations seeking to improve access 
to and compliance with DR screening.4,5

• Relating DR screening compliance to long-term blindness outcomes 
depends on a complex interaction of population characteristics, DR 
progression, screening accuracy, and treatment effectiveness. 

• Acknowledging this complexity, studies estimating the impact of 
improvements in compliance on reductions in blindness tend to rely 
on modeled analyses such as those conducted for economic 
evaluations of DR screening policies or technologies.

• Published economic models for DR screening represent a unique 
resource to investigate the relationship between screening 
compliance and blindness across a variety of populations, settings, 
and comparators.

METHODS
• Recently published systematic literature reviews of economic 

models for DR screening were supplemented with a targeted 
PubMed search to identify studies for this analysis.6,7

• To be considered for this analysis, the identified studies were 
required to meet the following criteria:

– Use an economic model to compare two annual DR screening 
programs or to compare an annual DR screening program with 
no screening

– Report on compliance with annual DR screenings and on 
blindness outcomes (cases of blindness or years of blindness)

– Provide sufficient detail on compliance input parameters and on 
blindness outcomes to calculate percentage-point increases in 
compliance and percentage reductions in blindness outcomes

• Data extraction for studies meeting these criteria captured the 
country and year of the analysis, target population, time horizon, 
screening technologies compared, compliance levels, and 
blindness outcomes.

• For each pair of DR screening alternatives compared, the 
difference in compliance and the percentage reduction in blindness 
outcomes were calculated.

– Prior to analysis, all blindness outcomes were converted to a per-
patient basis.

– For studies comparing three DR screening alternatives, the two 
pairwise comparisons with the lowest compliance screening 
alternative (e.g., no screening) were selected.

• Trends in the relationship between improvements in compliance 
and reductions in cases of blindness and between improvements  
in compliance and reductions in years of blindness were analyzed 
separately.

RESULTS
• Of the 21 economic modeling studies for DR screening identified,  

6 studies reported compliance levels and blindness outcomes in 
sufficient detail for subsequent analysis (Figure 1).

– Nine studies were excluded because they did not report 
compliance levels for the DR screening alternatives evaluated or 
did not report blindness outcomes.

– Five studies were excluded because they did not report 
blindness outcomes in sufficient detail to estimate percentage 
reductions in blindness outcomes (e.g., providing an absolute 
reduction in cases of blindness only).

– One additional study was excluded because the modeled 
analysis did not compare alternative DR screening alternatives in 
identical patient cohorts (thus not providing a true head-to-head 
comparison). 

Table 1. Summary of Study Details, Compliance Levels, and Blindness Outcomes for Included Studies

Study Country; Horizon Screening Alternatives (% Compliance) Cases of Blindness  
(% Reduction)

Years of Blindness  
(% Reduction)

Crijns et al., 19998 Netherlands; 
Lifetime

A:  Dilated eye exam (100%) vs. no screening (0%) 0.232 vs. 0.327 
(29.0%)

Vijan et al., 20009 United States; 
Lifetime

B:  Dilated eye exam (100%) vs. no screening (0%) 0.041 vs. 0.089 
(53.7%)

Davies et al., 200210 United Kingdom;  
25 years

C-1:  Dilated eye exam (82%) vs. no screening (0%) 0.0003 vs. 0.0006 
(51.3%)

C-2:  Office-based photography (95%) vs. no screening (0%) 0.0002 vs. 0.0006 
(60.1%)

Maberley et al., 200311 Canada; 10 years D-1:  Dilated eye exam (55%) vs. no screening (0%) 0.006 vs. 0.009  
(33.3%)

0.036 vs. 0.055 
(34.8%)

D-2:  Mobile photography (80%) vs. no screening (0%) 0.005 vs. 0.009 
(44.4%)

0.032 vs. 0.055 
(42.2%)

Aoki et al., 200412 United States; 
Lifetime

E:  Mobile photography (75%) vs. dilated eye exam (25%) 0.124 vs. 0.205 
(39.5%)

Tung et al., 200813 Taiwan; 10 years F:  Dilated eye exam + office-based photography 
         (100%) vs. no screening (0%)

0.066 vs. 0.597  
(89.0%)

REFERENCES
1. American Academy of Ophthalmology Retina/Vitreous Panel. Preferred 

practice pattern guidelines: diabetic retinopathy. San Francisco, CA: 
American Academy of Ophthalmology; 2014 (updated 2017). Available at: 
https://www.aao.org/preferred-practice-pattern/diabetic-retinopathy-ppp-
updated-2017. Accessed March 2, 2018.

2. Lee PP, Feldman ZW, Ostermann J, Brown DS, Sloan FA. Longitudinal rates 
of annual eye examinations of persons with diabetes and chronic eye 
diseases. Ophthalmology. 2003;110(10):1952-9.

3. American Diabetes Association. Standards of medical care in 
diabetes—2018. Diabetes Care. 2018;41(Suppl1):S1-S159.

4. Mansberger SL, Sheppler C, Barker G, Gardiner SK, Demirel S2, Wooten K, 
et al. Long-term comparative effectiveness of telemedicine in providing 
diabetic retinopathy screening examinations: a randomized clinical trial. 
JAMA Ophthalmol. 2015;133(5):518-25.

5. Centers for Medicare and Medicaid Services. Accountable care 
organization 2017 quality measure narrative specifications. Baltimore, MD: 
Centers for Medicare and Medicaid Services; 2017. Available at: https://
www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/
sharedsavingsprogram/Downloads/2017-Reporting-Year-Narrative-
Specifications.pdf. Accessed March 8, 2018.

6. Jones S, Edwards RT. Diabetic retinopathy screening: a systematic review 
of the economic evidence. Diabet Med. 2010;27(3):249-56.

7. Pasquel FJ, Hendrick AM, Ryan M, Cason E, Ali MK, Narayan KMV. Cost-
effectiveness of different diabetic retinopathy screening modalities. J 
Diabet Sci Technol. 2016;10(2):301-7.

8. Crijns H, Casparie AF, Hendrikse F. Continuous computer simulation 
analysis of the cost-effectiveness of screening and treating diabetic 
retinopathy. Int J Technol Assess Health Care. 1999;15(1):198-206.

9. Vijan S, Hofer TP, Hayward RA. Cost-utility analysis of screening intervals 
for diabetic retinopathy in patients with type 2 diabetes mellitus. JAMA. 
2000;283(7):889-96.

10. Davies R, Roderick P, Canning C, Brailsford S. The evaluation of screening 
policies for diabetic retinopathy using simulation. Diabet Med. 2002;19(9): 
762-70.

11. Maberley D, Walker H, Koushik A, Cruess A. Screening for diabetic 
retinopathy in James Bay, Ontario: a cost-effectiveness analysis. CMAJ. 
2003;168(2):160-4.

12. Aoki N, Dunn K, Fukui T, Beck JR, Schull WJ, Li HK. Cost-effectiveness 
analysis of telemedicine to evaluate diabetic retinopathy in a prison 
population. Diabetes Care. 2014;27(5):1095-101.

13. Tung TH, Shih HC, Chen SJ, Chou P, Liu CM, Liu JH. Economic evaluation of 
screening for diabetic retinopathy among Chinese type 2 diabetics: a 
community-based study in Kinmen, Taiwan. J Epidemiol. 2008;18(5):225-33.

CONTACT INFORMATION
William L. Herring, PhD  
Director, Health Economics

RTI Health Solutions 
200 Park Offices Drive 
Research Triangle Park, NC 27709

Phone: +1.919.541.6423 
Fax: +1.919.541.7222 
E-mail: wherring@rti.org

• The study details, DR screening alternative comparisons, 
compliance levels, and blindness outcomes for the 6 studies 
included in the analysis are presented in Table 1.

– The analysis years, countries of interest, and time horizons 
varied widely across studies. The most recent study included in 
the analysis was published in 2008; more recent economic 
modeling studies failed to report blindness outcomes entirely or 
did not report enough detail to estimate percentage reductions 
in blindness outcomes.

– Most of the economic models compared dilated eye exams and 
fundus photography (office-based or mobile) to no screening or 
to each other, with compliance levels assumed to range from 
25% to 100% for dilated eye exams and from 75% to 100% for 
photography.

– The blindness outcomes reported were balanced between cases 
of blindness (4 of the 6 studies) and years of blindness (3 of the 6 
studies), with improvements in compliance uniformly predicted to 
lead to reductions in blindness outcomes across all the studies. 

• For the comparisons reporting cases of blindness, the models 
estimated that 50- to 100-percentage-point improvements in 
compliance were associated with 29%-90% reductions in cases  
of blindness. 

– On average, a 10-percentage-point increase in compliance was 
associated with a 6.2% reduction in cases of blindness per 
patient (Figure 2).

• For the comparisons reporting years of blindness, the models 
estimated that 55- to 100-percentage-point improvements in 
compliance were associated with 35%-60% reductions in years  
of blindness. 

– On average, a 10-percentage-point increase in compliance was 
associated with a 5.9% reduction in years of blindness per 
patient (Figure 3).

CONCLUSIONS
• Published economic modeling studies have evaluated the health 

benefits associated with annual DR screening alternatives across a 
range of populations, health plan settings, and time horizons.

• The heterogeneity of diabetes populations and DR progression 
paired with advances in the provision of care over time can make 
the interpretation of published DR screening analyses and the 
cross-validation of new DR screening analyses challenging. 

• Despite these factors, the analysis presented here suggests a 
consistent trend in the relationship between annual DR screening 
compliance and blindness outcomes, with each 10-percentage-
point increase in compliance predicted to translate to an 
approximate 6% reduction in cases and years of blindness.

• This analysis provides a guide to health care decision makers 
evaluating new DR screening policies or technologies in their  
local contexts and highlights the ongoing importance of reporting 
detailed and transparent blindness outcomes in future DR 
screening economic analyses.

21 studies identified
Economic modeling studies 
evaluating annual DR screening 
programs

9 studies excluded
Failed to report DR screening 
compliance levels or blindness 
outcomes

6 studies excludeda

Insu�cient detail to estimate 
percentage reduction in 
blindness outcomes (5 studies) 
or lack of appropriate 
head-to-head comparison (1 study)

12 studies assessed
Reported screening 
compliance and blindness 
outcomes  

6  studies includeda

Reported screening
compliance and blindness 
outcomes in su�cient detail 
to enable incremental analysis
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