
O R I G I N A L  R E S E A R C H

Systemic Predictors of Diabetic Retinopathy and 
Diabetic Macular Edema in an Adult Veteran 
Population
Elaine M Tran1, Ninel Z Gregori2, Aleksandra Rachitskaya2, Abhishek Nandan2, Suzann Pershing1,3, 
Jeffrey L Goldberg1–3

1Byers Eye Institute at Stanford, Palo Alto, CA, 2Bascom Palmer Eye Institute/Miami VA Health Care System, Miami, FL, USA; 3VA Palo Alto Health 
Care System, Palo Alto, CA, USA

Correspondence: Jeffrey L Goldberg, Byers Eye Institute, Department of Ophthalmology, Stanford University School of Medicine, Palo Alto, CA, USA, 
Email jeffrey.goldberg@stanford.edu 

Purpose: To investigate the influence of systemic and serum measures and hypoglycemic medications on the initial presentation and 
ongoing development of diabetic retinopathy (DR) and diabetic macular edema (DME).
Design: Using Veterans Affairs electronic health records, we identified patients with a diabetes mellitus diagnosis and at least one eye 
examination between 1997 and 2010. After adjusting for sociodemographic factors, we used multivariable Cox regression models to 
evaluate the association of hemoglobin A1c (HbA1c) levels, blood pressure, albuminuria, blood urea nitrogen (BUN), and prescribed 
medications with the subsequent diagnosis of 1) any diabetic eye disease (defined for this analysis as DR and/or DME, 2) diabetic 
retinopathy, and 3) diabetic macular edema.
Results: Of 4089 diabetic Veteran patients, 821 (20%) were subsequently diagnosed with diabetic retinopathy and 88 (2%) had 
macular edema. Patients were more likely to receive a diabetic retinopathy diagnosis if they presented with HbA1c > 8.5 (HR=2.66, 
95% CI 1.88–3.77, p<0.01), systolic blood pressure > 140 mmHg (HR=1.45, 95% CI 1.26–1.66, p<0.01), blood urea nitrogen (BUN) > 
35 mg/dL (HR=2.17, 95% CI 1.60–2.93, p<0.01), and/or used insulin (HR=2.04, 95% CI 1.74–2.40, p<0.01). Patients were more 
likely to be diagnosed with diabetic macular edema if they had systolic blood pressure > 140 mmHg (HR=2.00, CI 1.29–3.08, p<0.01) 
and/or used insulin (HR=2.48, CI 1.53–4.03, p<0.01).
Conclusion: Markers of systemic health may be useful predictors for incident diabetic retinopathy or diabetic macular edema, 
evaluated collectively in Veteran patients. Higher HbA1c levels, systolic blood pressure, BUN levels, and insulin use (suggestive of 
more severe and/or long-standing diabetes) appear to be highly associated with the development of diabetic eye disease, and, in 
particular, diabetic retinopathy.
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Introduction
Diabetic retinopathy (DR) is a leading cause of acquired vision loss in working age adults in the US, and is one of the 
most devastating systemic complications of diabetes. DR affects between 29% and 40% of diabetic patients and is 
responsible for 10–12% of new cases of legal blindness each year in the US.1–3 Currently, estimated to affect over 
four million US adults, DR prevalence is increasing, driven by the aging US population and growing incidence of 
diabetes mellitus.4 Even more striking, diabetes is estimated to affect approximately 20–25% of US Veterans, and 
approximately 10% of US Veterans have diabetic retinopathy (representing almost 5 million patients with diabetes and 
approximately 1.5 million patients with diabetic retinopathy, out of a total population of over 19 million patients).5–7

Intensive glycemic control8,9 and blood pressure control10–13 have been shown to reduce the risk of retinopathy and 
the need for surgical or laser interventions. However, the combined effects of other clinical markers, including 
hyperlipidemia,14–18 blood urea nitrogen, and albuminuria,19–22 remain controversial. Furthermore, some data suggest 
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that specific diabetes medications with potential anti-angiogenic activities may be associated with better diabetic 
retinopathy outcomes. For example, rosiglitazone, a thiazolidinedione insulin sensitizer that has been linked to delayed 
onset of proliferative diabetic retinopathy (PDR), remains on the market in the United States but may be utilized less than 
metformin and other hypoglycemic medications. Metformin has also been associated with lower odds of severe non- 
proliferative diabetic retinopathy (NPDR).23,24 To date, most analyses have considered each of these factors indepen
dently or in subsets, using different thresholds for elevated values, and there are limited data on their impact considered 
in aggregate, adjusting for other variables.25,26

Using electronic health record data from a Veteran Affairs (VA) healthcare system comprising over 4000 diabetic 
patients with up to 14 years of eye examination data, we evaluated the adjusted associations of demographics, clinical 
measurements, and medications with the subsequent development of diabetic eye disease, including diabetic retinopathy 
and clinically significant diabetic macular edema (DME).

Methods
Data Source and Study Design
We performed a retrospective cohort analysis of patients diagnosed with diabetes mellitus who visited the eye clinic at 
Miami VA Medical Center. Data were collected between January 1997 and December 2010. Using data from the 
Computerized Patient Record System (CPRS) electronic health record (EHR), we identified patients with a diabetes 
diagnosis and at least one recorded eye examination, and clinical variables were extracted into a secure database. 
Descriptive and multivariate Cox regression analyses were performed for three ocular health outcomes: any diabetic eye 
disease, diabetic retinopathy, and diabetic macular edema. Miami VA Healthcare System Institutional Review Board 
(IRB) and Stanford University IRB approval was obtained for the study, including data analysis, with approval for 
a waiver of consent based on considerations including minimal risk to patients, confidentiality protections, retrospective 
nature of the research, and infeasibility of contacting patients. The study was performed in compliance with the 
Declaration of Helsinki.

Predictor Variables
Patient age, ethnicity, sex, HbA1c level, systolic blood pressure, cholesterol level, blood urea nitrogen (BUN) level, urine 
albumin level, and use of diabetes medications were identified directly from the EHR. For each variable, we used the 
closest data recorded at or after each patient’s initial eye clinic visit to the Miami VA Medical Center. We also calculated 
the duration of diabetes, measured as the time from the diabetes diagnosis. The systemic predictors were evaluated as 
categorical variables. HbA1c levels were categorized into four groups: less than 6.0, between 6.0 and less than 7.0, 
between 7.0 and 8.5, and greater than 8.5. BUN levels were classified as 20 mg/dL, 20–35 mg/dL, and greater than 
35 mg/dL. High blood pressure was defined as a systolic blood pressure measurement of 140 mmHg or greater, 
albuminuria as urinary albumin ≥ 5.0 g or greater, and high cholesterol as total cholesterol ≥ 240 mg/dL. The medications 
included in the analyses were insulin, metformin, glipizide, glyburide, and rosiglitazone based on their availability during 
the study period. Medications were identified from VA pharmacy records.

Outcome Variables
We identified diabetic eye disease using International Classification of Diseases, 9th edition, Clinical Modification (ICD- 
9-CM) codes. Three primary outcomes were evaluated: (1) incident diabetic retinopathy, (2) incident diabetic macular 
edema, and (3) incident diabetic eye disease. Diabetic eye disease was defined as diabetic retinopathy and/or diabetic 
macular edema. Specific ICD-9-CM codes are listed in Supplemental Table 1.

Statistical Analysis
All statistical analyses were performed using Stata version 15 (StataCorp, College Station, TX, USA) and SAS (version 
9.4, SAS Institute, Cary, NC, USA) software. Descriptive statistics were summarized for categorical variables as 
percentages and for continuous variables as means and standard deviations. We excluded patients with missing values 
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for any predictor variables. Using multivariable Cox proportional hazards regression with a statistical significance 
threshold of less than 0.05, we evaluated the association of systemic factors with diagnoses of any diabetic eye disease, 
diabetic retinopathy, and DME, respectively. Time from diabetes diagnosis was analyzed as a time-dependent variable, 
and the analysis index was defined as the date of the first observed eye clinic visit. Variables that did not reach 
significance in the univariate Cox analysis were excluded from the multivariate models (with the exception of cholesterol 
levels, which were included in the final models for clinical validity). We additionally performed sensitivity analyses, 
excluding patients diagnosed with diabetic eye disease at their initial eye clinic visit.

Results
Study Sample and Baseline Characteristics
A total of 4089 diabetic Veteran patients met study inclusion criteria. Of these, 821 were diagnosed with diabetic 
retinopathy and 88 with DME during the analysis period (Table 1). Consistent with the Veteran population, the vast 
majority of patients were male (97%) (Table 2). Caucasian patients comprised the largest ethnic group (41%). Patient 
ages ranged from 20 to 98 years, with a mean age of 64 years. The sample trended toward slightly elevated HbA1c levels 
(mean 7.4), prehypertension (mean systolic blood pressure of 135 mmHg), and high cholesterol levels (mean 184 mg/ 
dL). Most patients were on oral diabetes medication (78%) and a substantial proportion were on insulin (22%). Patients 
were followed for up to 11.4 years (mean 2.9 years) from their first eye clinic visit to last observed visit.

Systemic Factors and Likelihood of Incident Diabetic Eye Disease
All systemic factors except cholesterol levels were significantly associated with the development of any diabetic eye 
disease (Table 3). Elevated HbA1c levels had the strongest association; patients with presenting HbA1c over 8.5 were 
more than twice as likely to be diagnosed with diabetic eye disease during the study period (HR=2.49, 95% CI 1.78–3.49, 
p<0.01). High systolic blood pressure >140 mmHg, albuminuria >5 g, and BUN >20 mg/dL were also significantly 
associated with 36–48% greater likelihood of developing diabetic eye disease. The only diabetes medication that was 
significantly associated with likelihood of diabetic eye disease was insulin use (HR=2.03, 95% CI 1.73–2.37, p<0.01). In 
addition to systemic factors, African American and Latino/Hispanic patients also had a higher likelihood of developing 
diabetic eye disease (African American: HR=1.29, 95% CI 1.07–1.55, p<0.01; Latino/Hispanic: HR=1.75, 95% CI 
1.44–2.13, p<0.01). Interestingly, time since diabetes diagnosis was not significantly predictive of the likelihood of 
diabetic eye disease after adjusting for other patient factors.

Systemic Factors and Likelihood of Incident Diabetic Retinopathy or Diabetic Macular 
Edema
We observed similar patterns when we specifically evaluated likelihood of developing diabetic retinopathy. Patients with 
HbA1c levels over 8.5 were over two times more likely to develop diabetic retinopathy (HR=2.66, 95% CI 1.88–3.77, 
p<0.01), patients with elevated systolic blood pressure were over 40% more likely (HR=1.45, 95% CI 1.26–1.66, 
p<0.01), and those with high BUN >35mg/dL (HR=2.17, 95% CI 1.60–2.93, p<0.01) or taking insulin (HR=2.04, 
95% CI 1.74–2.40, p<0.01) were approximately twice as likely to develop diabetic retinopathy. (Table 4).

Table 1 Diagnoses of Eye Disease

Diagnosis Persons (%)

No Diabetic Eye Disease Noted On Exam 3242 (79%)

Any Diabetic Eye Disease 847 (21%)
Diabetic Retinopathy 821 (20%)

Diabetic Macular Edema 88 (2%)
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High systolic blood pressure (HR=2.00, 95% CI 1.29–3.08, p<0.01) and insulin use (HR=2.48, 95% CI 1.53–4.03, 
p<0.01) remained significantly associated with the development of DME. The other variables were not statistically 
significant; however, results were limited by a small sample size. (Supplemental Table 2).

Sensitivity analyses excluding patients diagnosed with diabetic eye disease at their initial eye clinic visit yielded 
comparable results for all outcomes (Supplemental Tables 3-5).

Table 2 Baseline Characteristics Measured at First Eye Clinic Visit

Variables No Diabetic 
Eye Disease

Diabetic Eye 
DiseaseA

Diabetic 
RetinopathyB

Macular 
EdemaC

N = 3242 N = 847 N = 821 N = 88
n (%) n (%) n (%) n (%)

Age, years (mean, std) 63.66 (12.0) 61.55 (10.2)*** 61.59 (10.2)*** 60.05 (9.6)***
Male Sex 3153 (97.3) 818 (96.6) 793 (96.6) 86 (97.7)

Ethnicity

Caucasian 1350 (41.6) 331 (39.1)*** 320 (39.0)*** 38 (43.2)***
African American 536 (16.5) 212 (25.0)*** 207 (25.2)*** 19 (21.6)***

Latino/Hispanic 321 (9.9) 157 (18.5)*** 154 (18.8)*** 20 (22.7)***

Other 37 (1.1) 9 (1.1)*** 8 (1.0)*** 3 (3.4)***
Unknown/Refused to Report 998 (30.8) 138 (16.3)*** 132 (16.1)*** 8 (9.1)***

HbA1c (mean, std) 7.36 (1.6) 7.92 (1.8)*** 8.24 (1.8)*** 8.15 (1.8)***

Below 6.0 360 (11.1) 43 (5.1)*** 40 (4.9)*** 4 (4.5)***
6.0–7.0 1152 (35.5) 188 (22.2)*** 177 (21.6)*** 17 (19.3)***

7.0–8.5 1125 (34.7) 287 (33.9)*** 278 (33.9)*** 23 (26.1)***

Above 8.5 605 (18.7) 329 (38.8)*** 326 (39.7)*** 44 (50.0)***
Systolic Blood Pressure, mmHg (mean, std) 134.7 (17.1) 138.1 (20.0) 139.2 (15.0)*** 142.7 (21.6)***

Over 140mmHg 991 (30.6) 380 (44.9)*** 372 (45.3)*** 47 (53.4)***

Albumin, mg (mean, std) 2.035 (12.1) 3.04 (17.3) 5.41 (31.1)** 1.31 (3.2)
Over 5g 254 (7.8) 125 (14.8)*** 124 (15.1)*** 19 (21.6)***

Blood Urea Nitrogen, mg/dL (mean, std) 19.63 (10.0) 21.86 (12.0)*** 20.48 (8.6)*** 23.17 (10.7)***

Below 20 mg/dL 2149 (66.3) 519 (61.3)*** 500 (60.9)*** 52 (59.1)
20–35 mg/dL 969 (29.9) 272 (32.1)*** 265 (32.3)*** 33 (37.5)

Over 35 mg/dL 124 (3.8) 56 (6.6)*** 56 (6.8)*** 3 (3.4)

Cholesterol, mg/dL (mean, std) 183.9 (50.6) 179.3 (45.1)** 184.9 (38.6)** 189.3 (42.7)
Over 240 mg/dL 225 (6.9) 72 (8.5) 68 (8.3) 11 (12.5)*

Diabetes Medications

Metformin 1815 (56.0) 475 (56.1) 461 (56.2) 51 (58.0)
Rosiglitazone 404 (12.5) 127 (15.0)* 124 (15.1)** 14 (15.9)

Glipizide 769 (23.7) 191 (22.6) 181 (22.0) 28 (31.8)*

Glyburide 1127 (34.8) 316 (37.3) 309 (37.6) 35 (39.8)
Insulin 569 (17.6) 345 (40.7)*** 341 (41.5)*** 42 (47.7)***

Not on any medication 510 (15.7) 88 (10.4)*** 82 (10.0)*** 5 (5.7)**

On oral medications 2554 (78.8) 646 (76.3) 626 (76.2) 73 (83.0)
Not on metformin 1427 (44.0) 372 (43.9) 360 (43.8) 37 (42.0)

Time from diabetes diagnosis to time of eye disease (or censoring), in 

years (mean, std)

4.52 (3.0) 3.17 (2.8)*** 3.15 (2.8)*** 3.63 (2.6)***

Duration of follow-up from first eye clinic visit to last visit/diagnosis of 

eye disease, in years (mean, std)

3.2 (2.7) 1.91 (2.3)*** 1.89 (2.4)*** 2.5 (2.1)***

Notes: A statistical significance calculated by chi squared test comparison to no diabetic eye disease, B statistical significance calculated by chi squared test comparison to no 
diabetic retinopathy, C statistical significance calculated by chi squared test comparison to no macular edema. * p<0.1. ** p<0.05. *** p<0.01.
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Table 3 Multivariate Cox Regression of Baseline Predictors for Diagnosis of Diabetic Eye Disease

Variables HR 95% Confidence Interval

Age, 10 year increments 1.064 (0.989–1.145)
Male Sex 0.833 (0.572–1.214)

Ethnicity

Caucasian – –
African American 1.286*** (1.066–1.551)

Latino/Hispanic 1.750*** (1.436–2.133)

Other 1.146 (0.590–2.228)
Unknown/Refused to Report 0.693*** (0.693–0.847)

HbA1c
Below 6.0 – –

6.0–7.0 1.252 (0.897–1.748)

7.0–8.5 1.594*** (1.149–2.212)
Above 8.5 2.490*** (1.777–3.490)

Systolic Blood Pressure, mmHg

Over 140mmHg 1.429*** (1.244–1.643)
Microalbumin, mg

Over 5mg 1.482*** (1.221–1.798)

Blood Urea Nitrogen, mg/dL
Below 20 mg/dL – –

20–35 mg/dL 1.357*** (1.152–1.599)

Over 35 mg/dL 2.080*** (1.537–2.814)
Cholesterol, mg/dL (mean, std)

Over 240 mg/dL 0.929 (0.725–1.192)

Diabetes Medications
Metformin 0.992 (0.858–1.147)

Rosiglitazone 1.031 (0.844–1.258)

Glipizide 0.906 (0.762–1.077)
Glyburide 0.935 (0.802–1.091)

Insulin 2.026*** (1.730–2.373)

Duration from Diabetes Diagnosis to Visit (per year, time-dependent variable) 1.014 (0.970–1.060)

Notes: *p<0.1, **p<0.05, ***p<0.01.

Table 4 Multivariate Cox Regression of Baseline Predictors for Diagnosis of Diabetic Retinopathy

Variables HR 95% Confidence Interval

Age, 10 year increments 1.071 (0.994–1.154)

Male Sex 0.836 (0.570–1.226)

Ethnicity
Caucasian – –

African American 1.299** (1.073–1.571)

Latino/Hispanic 1.775*** (1.453–2.169)
Other 1.052 (0.520–2.127)

Unknown/Refused to Report 0.684*** (0.557–0.840)

HbA1c
Below 6.0 – –

6.0–7.0 1.264 (0.895–1.785)

7.0–8.5 1.656*** (1.180–2.323)
Above 8.5 2.662*** (1.880–3.770)

(Continued)
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Discussion
We assessed 4089 diabetic Veteran patients who were followed with eye clinic visits for a mean of 2.9 years. We found 
a greater likelihood of developing diabetic eye disease among patients who were older, of African American race or 
Latino/Hispanic ethnicity, treated with insulin, and/or presented with high HbA1c, high systolic blood pressure, and/or 
high BUN.

Patients who presented with HbA1c greater than 8.5 at their first VA eye clinic visit were more than twice as likely to 
develop diabetic eye disease compared to those with lower HbA1c measurements, after adjusting for other patient 
demographic and systemic factors. This is consistent with previous studies,8,9,25 supported here in a large-scale analysis 
of Veteran patients, including follow-up data to identify incident diabetic retinopathy and diabetic macular edema, as well 
as adjustment for other clinical variables. Patients who present with high HbA1c levels may have more difficulty in 
controlling their diabetes, whether through medication resistance, brittle diabetes, and/or obstacles to obtaining or 
adhering to care.

High systolic blood pressure at the initial eye clinic visit was also strongly associated with subsequent development of 
diabetic eye disease, diabetic retinopathy, and clinically significant DME. Although the effect size for high systolic blood 
pressure was lower than that for elevated HbA1c, it remained consistently significant across all the models. These 
findings support previous guidelines for tight blood pressure control to reduce the risk of complications from diabetic eye 
disease,13,27 as well as to prevent diabetic retinopathy progression.28,29 We did not observe a significant difference in the 
odds of diabetic eye disease based on cholesterol levels.

Previous analyses of the possible association between albuminuria and diabetic retinopathy have presented mixed 
findings. Although many studies have reported a positive association,30–32 others have reported little or no association.20 

However, most studies have been cross-sectional and evaluated relatively small samples. Similarly, a positive association 
has been reported between BUN and diabetic retinopathy progression,33 but based on limited longitudinal data. The 
findings in the analysis presented here demonstrate a strong relationship between albuminuria and BUN with diabetic eye 
disease, even after adjusting for other systemic factors such as blood glucose control and blood pressure, suggesting the 
potential of these systemic markers as additional predictors of diabetic eye disease on first presentation with diabetes. 
This finding makes sense, given that retinopathy and nephropathy each reflect microvascular disease and may develop 
concomitantly.34–37

Table 4 (Continued). 

Variables HR 95% Confidence Interval

Systolic Blood Pressure, mmHg

Over 140mmHg 1.445*** (1.255–1.664)
Microalbumin, mg

Over 5mg 1.512*** (1.245–1.837)

Blood Urea Nitrogen, mg/dL
Below 20 mg/dL – –

20–35 mg/dL 1.371*** (1.160–1.619)

Over 35 mg/dL 2.165*** (1.598–2.932)
Cholesterol, mg/dL (mean, std)

Over 240 mg/dL 0.886 (0.686–1.144)

Diabetes Medications
Metformin 1.000 (0.863–1.159)

Rosiglitazone 1.029 (0.841–1.259)

Glipizide 0.875 (0.733–1.043)
Glyburide 0.941 (0.805–1.100)

Insulin 2.043*** (1.741–2.398)

Duration from Diabetes Diagnosis to Visit (per year, time-dependent variable) 1.017 (0.972–1.063)

Notes: *p<0.1, **p<0.05, ***p<0.01.
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We did not identify a statistically significant relationship between specific oral diabetic medications, including 
metformin and rosiglitazone, and the likelihood of developing diabetic eye disease. This may reflect our limited sample 
size, however, interestingly, neither metformin nor thiazolinediones trended to a protective effect in our analysis. Use of 
insulin, however, was associated with approximately two-fold higher odds of developing diabetic eye disease, even after 
adjusting for blood glucose control and other systemic factors. This likely reflects the cumulative effect of many years 
with diabetes, disease that is poorly-controlled, and/or more brittle, treatment-resistant disease, since most patients are 
not started on insulin as a first-line therapy, and longer diabetes duration is recognized as a risk factor for diabetic eye 
disease. Interestingly, after adjusting for medications and other factors, diabetes duration (time since diagnosis) was not 
associated with a significant difference in odds of diabetic eye disease. This suggests that a longer duration of diabetes 
does not confer additional risk directly; instead, it does so via the cumulative effect of suboptimal control of blood 
glucose and other biomarkers.

Our study has several limitations. Our data did not differentiate between type 1, type 2, drug- or chemically 
induced diabetes, or diabetes due to other underlying conditions, and was notable for a smaller sample size of diabetic 
macular edema patients for analysis. Furthermore, although albumin is usually measured with creatinine to calculate 
a ratio in the diagnosis of clinical albuminuria, we did not have complete data on creatinine values to calculate a ratio. 
However, high albumin itself is a sign of kidney dysfunction, thus we used a threshold of 5 g for albuminuria since 
high albumin in urine (especially at 5 g) is highly suggestive of some kidney dysfunction. Even a very high creatinine 
level (eg, 100) would result in a ratio of 50, which is well above a normal urine albumin-to-creatinine ratio 
(≤30 mg/g). We also did not include newer diabetes medications that were not available for the duration of our 
analysis period (eg, Sodium-Glucose CoTransporter-2 [SGLT2] Inhibitors and most Glucagon-Like Peptide-1 [GLP- 
1] receptor agonists), which are an important topic for future study.38 Given the retrospective nature of our study, it is 
also possible that there were other confounding variables (such as smoking) that may have influenced the primary 
outcome. At least one study, however, has suggested against the implication of smoking as a significant risk factor for 
diabetic retinopathy, which is a stark variance from its implications in diabetic macrovascular disease.39 Moreover, 
the inclusion of many traditional and non-traditional variables of risk for diabetic eye disease is a strength of our 
study.

We identified diabetic eye disease based on documented retinopathy and DME diagnoses at eye clinic visits; 
however, patients may not have been seen in the VA or VA eye clinic with regular frequency. It is possible that 
diabetic eye disease may develop earlier in some patients but not be documented in the EHR if no eye clinic visits 
occurred. Patients may also have been lost to follow-up before detection and documentation of diabetic eye disease, 
particularly given a shorter-than-optimal mean duration of follow-up data (2.9 years after diagnosis). Confounding 
factors, including socioeconomic determinants of health, may influence how soon patients are seen during the 
course of their disease, the regularity of their general medical or eye care, and their adherence to prevention and 
treatment guidelines. Patients may wait to seek eye care or may have delayed referral to an ophthalmologist, such 
that diabetic eye disease is first diagnosed later in the course of their disease or not at all during our observed study 
period. However, this was mitigated by the fact that our analysis was based on VA health plan data. All diabetic 
patients in the VA are required to receive an annual eye examination either in person or via telemedicine. VA 
achieves an approximately 90% success rate in annual screening, compared to approximately 58% in the 
community.40 Furthermore, we would expect infrequent eye examinations and unobserved diabetic eye disease to 
bias our analysis away from finding a significant effect; the fact that we still observe a difference suggests that the 
findings are valid.

Our findings are based on data from a single VA healthcare system, and as such are also specific to the Veteran 
population. The generalizability of findings outside this population may also be notably limited, particularly for women 
and ethnic minorities, because our sample consisted mostly of male patients who visited the Miami VA healthcare 
system. Similarly, patients residing in other geographic regions may have had different findings. Future research should 
benefit from a larger and more diverse population. Additionally, visual acuity is not currently captured in VA electronic 
health records in a structured format but work is actively in progress using natural language processing approaches to 
capture this data broadly within VA unstructured text records; vision compromise/severity (BCVA) is another important 
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outcome measure for future research, as well as analysis of diabetic retinopathy and diabetic macular edema that requires 
treatment (as another measure of treatment-indicated sight-threatening disease). However, aside from these limitations, 
this analysis captures a large proportion of Veteran patients with diabetes in a real-world setting and yields important 
insights into the adjusted impact of systemic factors on structured measure of diabetic eye disease, specifically diabetic 
retinopathy and diabetic macular edema.

Conclusions
Diabetic retinopathy remains one of the most prevalent preventable causes of vision loss in adult populations. Regular 
evaluation and intense control of systemic factors have been proven to be effective at delaying the advancement of this 
disease. This study presents an important multivariable analysis of a unique array of systemic factors evaluated in concert in 
a Veteran patient population. Findings suggest that ideal ophthalmic care should include a thorough assessment of systemic 
biomarkers, as well as particular consideration for Veteran minority groups at increased risk of developing diabetic eye 
disease (diabetic retinopathy and/or diabetic macular edema). Multi-targeted risk factor control is important to reduce the 
incidence of diabetic eye disease, regardless of the medication selected. Ophthalmologists can play a key role in ensuring 
that systemic predictors are regularly evaluated and optimized to reduce the burden of diabetic eye disease.
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