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Abstract

Objectives—Despite the increasing prevalence of Type 2 diabetes mellitus (T2DM) among 

children and adolescents, little is known about their risk of developing diabetic retinopathy (DR). 

We sought to identify risk factors for DR in youth with DM, to compare DR rates for youth with 

Type 1 diabetes mellitus (T1DM) and T2DM, and to assess whether adherence to DR screening 

guidelines promoted by the American Academy of Ophthalmology, American Academy of 

Pediatrics, and American Diabetes Association adequately capture youth with DR.

Design—Retrospective observational longitudinal cohort study.

Participants—Youth aged ≤ 21 years with newly diagnosed T1DM or T2DM enrolled in a large 

U.S. managed care network.

Main Outcome Measure—Hazard ratios (HR) with 95% confidence intervals (CIs) for 

developing DR.
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Methods—In this study of youth aged ≤ 21 years with newly diagnosed T1DM or T2DM 

enrolled in a large U.S. managed care network who were under ophthalmic surveillance, we 

identified the incidence and timing of DR onset for youth with T1DM and T2DM. Kaplan-Meier 

survival curves assessed the timing of initial diagnosis of DR for youth with each type of diabetes. 

Multivariable Cox proportional hazard regression modeling identified factors associated with the 

hazard of developing DR. Model predictors were age and calendar year at initial diabetes mellitus 

diagnosis, sex, race/ethnicity, net worth, and glycosylated hemoglobin (HbA1c).

Results—Among the 2240 youth with T1DM and 1768 youth with T2DM, 20.1% and 7.2% 

developed DR, over a median follow-up of 3.2 and 3.1 years, respectively. Survival curves 

demonstrated that youth with T1DM developed DR faster than youth with T2DM (P<0.0001). For 

every one-point increase in HbA1c, the hazard for DR increased by 20% (HR=1.20, CI 1.06–1.35) 

and 30% (HR=1.30, CI 1.08–1.56) among youth with T1DM and T2DM, respectively. Current 

guidelines suggest ophthalmic screening begin 3–5 years after initial DM diagnosis, at which point 

in our study, over 18% of youth with T1DM had already had received ≥1 DR diagnosis.

Conclusions—Youth with T1DM or T2DM exhibit a considerable risk for DR and should 

undergo regular screenings by eye-care professionals to ensure timely DR diagnosis and limit 

progression to vision-threatening disease.

Introduction

The incidence of Type 1 diabetes mellitus (T1DM) and Type 2 diabetes mellitus (T2DM) is 

rising among children and adolescents worldwide.1–3 While in decades past, most youth 

with diabetes mellitus (DM) had T1DM, T2DM now accounts for up to 45% of all new DM 

diagnoses among adolescents, concurrent with the rise of childhood obesity.4,5

Diabetic retinopathy (DR) is a serious complication that is often asymptomatic in early 

stages but may progress to sight-threatening disease.6–9 Risk factors for DR in youth with 

T1DM include longer disease duration and the timing of puberty.10,11 Accordingly, various 

clinical practice guidelines for the ophthalmic screening of youth with T1DM have been 

developed, although medical professional societies differ in their recommended timing of 

monitoring. The American Academy of Ophthalmology (AAO) recommends an initial 

screening 5 years after T1DM onset.12 The American Diabetes Association (ADA) 

recommends initial screening 3–5 years after T1DM onset for patients at least 10 years of 

age;13 the American Academy of Pediatrics (AAP) recommends the same for patients 9 

years or older.10 A recent study suggested a delay in initial ophthalmic screening until 15 

years of age is acceptable.14 Optimizing DM control, as measured by glycosylated 

hemoglobin (HbA1c), is recommended in all these guidelines.10

The ADA and AAO recommendations for youth with T2DM—which is to screen at initial 

DM diagnosis— are based on limited data,15,16 as T2DM has only recently become more 

common among youth. Thus, it is essential to characterize the development of DR and the 

need for interventions among youth with T2DM to guide the creation of evidence-based 

practice guidelines aimed at detecting and treating DR before vision is threatened.

Wang et al. Page 2

Ophthalmology. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



We evaluated the DR incidence among youth with T1DM and T2DM enrolled in a large 

U.S. managed-care network. We sought to: (a) identify risk factors for DR development in 

youth with T1DM and T2DM; (b) investigate whether DM control, as measured by HbA1c, 

is associated with DR development; and (c) estimate the proportion of youth with each DM 

type requiring laser or surgical intervention for DR. Finally, we applied the existing T1DM 

ophthalmic screening guidelines of the AAO, AAP, and ADA to the youth with T1DM in 

this dataset to assess whether delays in initial DR diagnosis would result.

Methods

Data Source

The Clinformatics DataMart database (OptumInsight, Eden Prairie, MN), a dataset which 

has been used previously to study ocular diseases,17–19 contains detailed records of 

beneficiaries in a large nationwide U.S. managed-care network. We accessed data on all 

beneficiaries aged 21 years or younger at their initial enrollment during January 1, 2001 

through December 31, 2014. Medical claims from inpatient and outpatient health care 

encounters and associated ICD-9-CM diagnosis codes20 for all ocular and non-ocular 

conditions were available, as was information on age, sex, race/ethnicity, and household net 

worth. HbA1c levels were available for an enrollee subset who had this test done at an 

outpatient laboratory. Enrollees in the Clinformatics DataMart are very similar in 

sociodemographic profile to those with other types of private health insurance throughout 

the U.S. (Personal communication, Matthew Sulzicki, OptumInsight). Data were stripped of 

all protected health information prior to release from OptumInsight. The University of 

Michigan Institutional Review Board approved this study which involved de-identified data.

Study Participants

Eligible participants were age ≤21 years at plan enrollment, continuously enrolled in the 

medical plan for 3 years or more, and had at least 2 DM diagnoses (ICD-9-CM codes 250.xx 

or 362.01–362.07) on separate dates. Individuals who never filled a prescription for insulin 

or an oral hypoglycemic agent were excluded. To help exclude nonincident DM cases, the 

first DM diagnosis must have occurred at least 12 months after plan enrollment. Only youth 

with 1 or more ophthalmologist- or optometrist-performed examinations after the initial DM 

diagnosis were included. Youth lacking information on race/ethnicity or household net worth 

were also excluded.

Diabetes Type: Classification

Enrollees were classified with T1DM or T2DM based on a previously validated algorithm.21 

Briefly, children younger than 10 years at their first DM diagnosis were considered to have 

T1DM. Among youth 10 years or older, those who were prescribed only insulin in the 730 

days after initial diagnosis were also considered to have T1DM. The remaining individuals 

were classified as having T2DM. In this group, patients must have filled an oral 

hypoglycemic (e.g., metformin, sulfonylureas) prescription, with or without a concurrent 

insulin prescription, within 730 days of their initial diagnosis. This algorithm had a 

sensitivity and specificity of 98.6% and 78.2% for detecting T1DM, and 83.2% and 97.5% 

for T2DM, among youth in a Canadian study.21
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Outcome

The primary outcome was DR development, diagnosed by an optometrist or ophthalmologist 

and coded appropriately (ICD-9-CM or 250.50–250.53 or 362.01–362.07). The billing codes 

capture patients with nonproliferative DR (362.03–362.06), proliferative DR (362.02), and 

diabetic macular edema (362.07). Patients with only 250.50–250.53 or 362.01 were 

considered to have nonspecific DR. Current Procedural Terminology (CPT) billing codes 

were used to determine whether patients underwent interventions for DR including 

panretinal photocoagulation (CPT 67228), focal laser (CPT 67210), or intravitreal injection 

(CPT 67028).

Analysis

Data analyses were performed using SAS software, version 9.4 (SAS, Inc., Cary, NC); 

Kaplan-Meier curves were created using GraphPad Prism 6.0 (GraphPad Software, San 

Diego, CA). Characteristics of the study population were summarized using medians and 

interquartile ranges (IQRs) for continuous variables and frequencies and percentages for 

categorical variables.

Retinopathy incidence, risk factors

DR incidence was calculated as the number of youth with newly diagnosed DR per thousand 

person-years of follow-up. Kaplan-Meier survival curves assessed the timing from first DM 

diagnosis to initial DR diagnosis in youth with T1DM and T2DM; groups were compared 

using the log-rank test. Multivariable Cox proportional hazard regression modeling 

evaluated the extent to which sociodemographic factors affected the hazard for DR for youth 

with each DM type. Model predictors were age, sex, race/ethnicity, household net worth, and 

calendar year at initial DM diagnosis (e.g., 2008, 2009, etc.).

Hemoglobin A1c

For patients who had one or more HbA1c tests performed at an outpatient laboratory, the first 

value at least 6 months after initial DM diagnosis was analyzed. This allowed for initiation 

of treatment and initial stabilization of DM. The test must have also been performed before 

the initial DR diagnosis. The distribution of HbA1c values was evaluated by medians and 

IQRs. The Wilcoxon rank-sum test compared the distributions between groups (T1DM vs. 

T2DM, with DR vs. without DR). Additional Cox proportional hazard models were 

constructed to evaluate HbA1c as a predictor for DR development among youth with T1DM 

and T2DM. Model covariates included age at first DM diagnosis, sex, race/ethnicity, 

household worth, and calendar year of initial DM diagnosis. Cox models were left-truncated, 

because to be eligible for the outcome, a patient’s HbA1c laboratory values must have 

preceded her initial DR diagnosis.

Diagnostic timing under current screening guidelines

Using Kaplan-Meier survival analysis estimates, we calculated the percentage of youth with 

DM who developed DR and would have had a delayed DR diagnosis if existing AAO, ADA, 

or AAP screening guidelines were followed.
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Results

Patient Characteristics

Among the 2240 eligible youth with newly diagnosed T1DM and 1768 with newly 

diagnosed T2DM, the median age at DM onset in those with T1DM and T2DM were 12 and 

18 years, respectively, and the median follow-up after initial DM diagnosis was 3.2 years 

and 3.1 years, respectively. The maximum follow-up time was 13.0 and 12.7 years for youth 

with T1DM and T2DM, respectively, resulting in a maximum age of 34 years at the end of 

follow-up. The majority of youth with T2DM were female (83.0%). Of those with T1DM, 

85.1% were white, 7.0% black, and 5.9% Latino. Of those with T2DM, 72.3% were white, 

11.7% black, and 12.1% Latino (Table 1).

Retinopathy incidence and risk factors

Overall, 578 youth (14.4%) received a DR diagnosis. The percentages of youth with T1DM 

and T2DM receiving a DR diagnosis were 20.1% and 7.2%, respectively. The DR incidence 

rates for youth with T1DM and T2DM were 52.3 and 19.6 cases per 1000 person-years, 

respectively. Thirteen youth were diagnosed with proliferative DR, of whom 12 had T1DM 

(Table 1). Of these persons with proliferative DR, the age at initial proliferative DR 

diagnosis ranged from 6 to 31 years. Diabetic macular edema was diagnosed in 5 persons, 

all with T1DM, with ages ranging from 15–29 years old at the time of initial diagnosis of 

diabetic macular edema. Of all the youth with diabetic macular edema and/or proliferative 

DR (total N=15), the median age at initial DM diagnosis was 18 years (IQR 10–21), and the 

median duration of DM at the time of initial DR diagnosis was 2.0 years (IQR 0.8–5.6 

years). The median age at initial diagnosis of PDR or DME was 23 years (IQR 14–25). The 

remainder of those with DR diagnoses had nonproliferative retinopathy or had less specific 

DR codes. No patients with T1DM or T2DM underwent panretinal photocoagulation, focal 

laser, or intravitreal injections. Youth with T1DM developed DR sooner than those with 

T2DM did (P<0.0001, log-rank test). Kaplan-Meier survival analysis estimated that at 6 

years’ follow-up, 27.6% and 8.6% of those with T1DM and T2DM, respectively, were 

diagnosed with DR (Figure 1). At 8 years’ follow-up, 31.2% and 10.3%, respectively, had a 

diagnosis of DR. In those with DR, the median age at initial DR diagnosis was 14.2 (IQR 

10.6–18.2) years for T1DM and 20.4 (IQR 16.2–23.2) years for T2DM.

Among youth with T1DM, for each 1-year increase in age at initial DM diagnosis, the 

hazard for DR increased by 4.6% (HR 1.05, CI 1.03–1.07). Race, sex, and household worth 

were not associated with DR development (P>0.05 for all). Among youth with T2DM, males 

had a 122% increased hazard for DR development compared to females (HR 2.22, CI 1.52–

3.25). Those in the highest household net worth category (≥$500,000) had a 52% decreased 

hazard for development of DR (HR 0.48, CI 0.25–0.90) compared to those with the lowest 

net worth level (<$25,000). Other sociodemographic factors were not statistically significant 

(Table 2).

Glycosylated hemoglobin as a risk factor for retinopathy development

Glycosylated hemoglobin values at least 6 months after initial DM diagnosis and before DR 

diagnosis were available for 774 (19.4%) of the participants (T1DM N=385, T2DM N=389). 
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The median HbA1c among youth with T1DM was higher than that with T2DM [7.6 (IQR 

6.6–8.8) vs. 5.6 (IQR 5.4–6.4), respectively] (p<0.0001, Wilcoxon rank sum), indicating 

those with T1DM had poorer disease control. Youth with DR had a higher median HbA1c 

value (7.5, IQR 6.5–8.9) than youth without DR (6.4, IQR 5.6–8.0) (p<0.0001, Wilcoxon 

rank sum). For every 1-point increase in HbA1c, the DR hazard increased by 20% (HR 1.20, 

CI 1.06–1.35) among those with T1DM and by 30% (HR 1.30, CI 1.08–1.56) among those 

with T2DM, after adjustment for sex, age at and year of initial DM diagnosis, race, and 

household net worth. Those with T1DM continued to have increased hazard of developing 

DR compared to those with T2DM (HR 2.00, CI 1.11–3.60) after adjustment for HbA1c as 

well as other model covariates.

Diagnostic delay under current screening guidelines

The AAO guidelines advocate waiting until 5 years after initial T1DM diagnosis to screen 

for DR, regardless of patient age. According to Kaplan-Meier survival analysis, 24.7% of 

youth with T1DM developed DR by 5 years after initial DM diagnosis and thus would have 

experienced a delayed DR diagnosis under these guidelines. A recent study involving T1DM 

suggests that waiting until 15 years of age, or 5 years after DM onset,14 for initial DR 

screening would be acceptable; this age requirement would cause even further diagnostic 

delays. Under guidelines by the AAP and the ADA, screening should occur 3–5 years after 

initial DM diagnosis in patients aged at least 9 years or 10 years, respectively. According to 

Kaplan-Meier estimates, by 3 years after DM diagnosis, at least 18.0% of youth with T1DM 

developed DR and therefore would receive a delayed DR diagnosis with AAP–ADA 

screening guidelines.

Discussion

In this study of youth in a large U.S. managed-care network, over 20% of youth with T1DM 

and 7% with T2DM, with over a median of 3 years of follow-up, received a diagnosis of DR. 

Youth with T1DM had nearly a threefold-increased incidence and prevalence of DR, 

compared with youth with T2DM. For each year of age older a child was at initial DM 

diagnosis, the risk for developing DR rose among those with T1DM. Higher household net 

worth and female sex appeared protective against DR among those with T2DM. Every one-

point increase in HbA1c increased the hazard of developing DR by 20–30% among those 

with T1DM and T2DM. These results highlight that DR may be more common than 

previously suspected in youth with DM, and youth with poor glycemic control may 

especially benefit from undergoing screening for DR sooner than the current clinical practice 

guidelines recommend.

Previously reported rates of DR among children and adolescents have varied from as low as 

0% to over 50% for youth with T1DM and T2DM,14,22–26 in settings as diverse as 

Sweden,22 southern India,24 the U.S.,14,26 and Canada.25 Direct comparison of the present 

analysis with these earlier studies is challenging because they differ in participant age-range, 

sample size, local standards of DM care, follow-up duration, glycemic control, and DR-

assessment method. A pilot study of the U.S. SEARCH for Diabetes in Youth cohort 

reported that among 265 persons with DM diagnosed before 20 years of age, 17% of those 
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with T1DM and 42% with T2DM developed DR on fundus photography over a median 

follow-up of 6.8 years. That study had few participants with T2DM and their glycemic 

control was, on average, poorer than in our study cohort.23 In a Canadian population-based 

cohort, aged 1–18 years, 13.8 % of the 1011 youth with T1DM and 11.7% of the 342 youth 

with T2DM had billing code-documented DR after a median follow-up of 4.4 years and 6.7 

years, respectively.25 Among the 517 participants in the TODAY clinical trial—the largest 

study of DR among youth with T2DM—the prevalence of DR on fundus photography after a 

mean DM duration of 4.9 years was 13.7%.26 A recent retrospective chart review of 338 

children with T1DM with a median DM duration of 4.9 years and 32 children with T2DM 

with a median DM duration of 2.0 years did not observe any DR based on clinical records.14

Our sample size is larger than all these prior studies, exceeding 2200 youth with T1DM and 

1700 youth with T2DM. Our 20.1% reported rate of DR in youth with T1DM is similar to 

other studies’, although our 7.2% incidence rate among youth with T2DM is slightly lower 

than in past studies. However, most prior studies included few youth with T2DM and had a 

longer follow-up period than ours. Whereas many other studies used fundus photography for 

DR screening, we used claims data, requiring participants to seek care to receive a diagnosis 

and for clinicians to properly diagnose and code for DR.

Similar to prior studies, HbA1c levels in our study were higher among patients with DR than 

among those without DR.22–24,26–28 We found that higher HbA1c values is associated with 

increased hazard of DR, consistent with previous literature among youth with T1DM6,22,23 

and T2DM26. While we also found that males with T2DM were at increased risk for DR 

compared with females, previous studies reporting sex-related differences in the 

development of DR have only been in youth with T1DM and have been inconsistent, noting 

either increased DR among females29,30 or among males,31 postulating hormonal 

differences during puberty as a possible explanatory factor. Increasing risk of DR among 

patients who were diagnosed with T1DM at older ages has also been reported previously and 

postulated to be related to increased risk associated with puberty.32 We also found that youth 

with T2DM from households with higher net worth had decreased development of DR, 

similar to previous literature on socioeconomic risk factors for DR which reported that 

persons of lower affluence levels were at greater risk for DR both for adults33 and youth34 

with T2DM and T1DM.35 This may be related to lifestyle factors such as diet, exercise, and 

smoking.

Our analysis shows that waiting 3–5 years after initial T1DM diagnosis to screen for DR, as 

present guidelines advocate, would have delayed the diagnosis of ocular disease in 18% of 

patients by 3 years and 25% by 5 years. These estimates of delayed DR diagnoses are 

conservative, since waiting to screen until 9 or 10 years of age, as AAP and ADA guidelines 

recommend, would further delay patients’ initial DR diagnosis. As the T2DM incidence rate 

among youth has risen, the ADA and AAO have recommended screening youth with T2DM 

at their initial DM diagnosis based on limited data and extrapolation from adult guidelines.15 

Although affected youth with T2DM in our study developed DR more slowly than those 

with T1DM did, our study supports screening youth with T2DM for DR at patients’ first DM 

diagnosis, similar to current recommendations for adults.13
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No patient with DR in our study had claims data evidence of receiving common treatments 

for DR such as focal or panretinal laser photocoagulation or intravitreal injection of anti-

vascular endothelial growth factor agents. This finding comports with those reported in 

previous studies indicating that DR requiring laser treatment rarely occurs in children’s first 

10 years with T1DM.36,37 The median length of follow-up after initial DM diagnosis was 3 

years in our population, and the few patients diagnosed with proliferative DR or macular 

edema may have been managed conservatively, refused treatment, or either the diagnosis or 

procedure billing code may have been incorrect. However, after decades with the disease, the 

proportion of patients with T1DM requiring laser treatment climbs to over 60%.36–38 

Detecting DR in youth relatively early in its course, before vision is threatened or 

interventions are required, can be beneficial, as providers can increase the monitoring 

intensity, improve glycemic control, and coordinate care among eye-care providers, 

pediatricians, and endocrinologists to avert or delay poor long-term visual outcomes and 

increase vigilance regarding non-ocular complications of DM.

As more adolescents receive DM diagnoses and need to undergo screening for DR, 

researchers will need to develop novel strategies for DR screening that are cost-effective and 

cause no undue burden to the child, parent, or health care provider. The use of telemedicine 

with nonmydriatic fundus photography29 in pediatricians’ and primary-care providers’ 

offices may be a viable mechanism to screen large numbers of youth for DR.39,40

This study has limitations. Caution must be exercised in generalizing these findings to youth 

with other forms of health insurance such as Medicaid or whose families are uninsured. 

Although we relied on a validated algorithm to determine enrollees’ T1DM–T2DM status,21 

some cases may have been misclassified. We found a greater female predominance among 

youth with T2DM than has been previously reported in the literature (typically 61% to 65% 

female), which may be due to differences in characteristics of the study samples.25,26,41,42 

Despite efforts to ensure that the study population included only incident DM cases by 

requiring 12 months in the plan without prior initial DM diagnosis, some of these youth may 

have had pre-existing DM, especially among those with T2DM. Thus, we may be 

underestimating the time from disease onset to first recorded DR diagnosis and 

overestimating the numbers of youth with DR whose diagnosis may be delayed by following 

current guidelines. Since this study included only patients visiting eye-care providers, the 

DR rates among those not seeking ophthalmic care remain unknown, and we may be under- 

or overestimating the true DR incidence due to referral bias. Determining the presence of 

macular edema and proliferative DR relied upon claims data, which may underestimate the 

prevalence of these conditions due the possibility that clinicians may instead code with 

nonspecific DR codes for patients with these manifestations. In addition, billing code errors 

may also contribute to misclassification errors in determining presence and type of DR, 

though a recent study validating billing codes in common ophthalmic disorders (including 

proliferative DR) found a 97% accuracy rate compared to medical record documentation.43 

Clinical data such as visual acuity, retinal examination findings, or ophthalmologic imaging 

and testing were unavailable, and verification of DR presence or severity was infeasible. 

Youth were likely seen by eye care providers who had varying levels of experience and 

expertise in diagnosing DR and some may have had access to diagnostic equipment to 

facilitate diagnosis of DR while others may not have had access to such equipment. HbA1c 
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values were unavailable for some patients (some youth may have not undergone this testing 

and others may have had the testing done as a point of care test in the clinic rather than at an 

outpatient lab); those with HbA1c measurements may not represent the glycemic control of 

the entire cohort, and the included HbA1c measurement may not accurately represent overall 

glycemic control of the individual.

Conclusions

Counter to previous beliefs, DR among youth with T1DM and T2DM is fairly common. 

Since early detection is key to preventing irreversible retinal damage and preserving sight, 

we propose screening youth with T1DM and T2DM for DR early in the disease course to 

limit delays in DR detection and maximize opportunities to improve glycemic control, thus 

limiting DR progression.
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Figure 1. Time to development of diabetic retinopathy among youth with Type 1 and Type 2 
diabetes mellitus
Kaplan-Meier plot depicts the number of years to development of diabetic retinopathy from 

initial diagnosis of diabetes for youth with Type 1 diabetes mellitus (T1DM) and Type 2 

diabetes mellitus (T2DM) (p<0.0001, Log-Rank). The table below the figure shows the 

number of individuals at risk for development of retinopathy at corresponding time points on 

the horizontal time axis.
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Table 1

Characteristics of Study Sample

Diabetes Mellitus

T1DM
N=2240

T2DM
N=1768

Median (25 percentile, 75th percentile) Median (25th percentile, 75th percentile

Age at initial diabetes diagnosis (years) 12 (8,15) 18 (16, 21) 

Years of follow-up after initial diabetes diagnosis 3.2 (1.8, 5.4) 3.1 (1.9, 4.9)

HbA1c
a 6.6 (5.6, 8.1) 5.6 (5.4, 6.4)

N % N %

Female 1066 47.6% 1468 83.0%

Race

 White 1907 85.1% 1278 72.3%

 Black 157 7.0%  206 11.7%

 Latino 131 5.9%  214 12.1%

 Asian 45 2.1%  70 4.0%  

Household Net Worth

 <$25,000 227 10.1% 350 15.4%

 $25,000–$149,999 490 7.5%  411 10.8%

 $150,000–$249,999 359 11.2% 235 12.0%

 $250,000–$499,999 641 51.9% 403 43.8%

 ≥$500,000 523 19.3% 369 18.1%

Diabetic Retinopathy 451 20.1% 127 7.2%  

 Proliferative Diabetic Retinopathy 12 0.5%  1 0.1%  

 Nonproliferative Diabetic Retinopathy 21 1.0%  6 0.3%  

 Diabetic Macular Edemab 5 0.2%  0 0.0%  

 Nonspecific diabetic retinopathy 418 18.7% 120 6.8%  

T1DM=Type 1 diabetes mellitus. T2DM = Type 2 diabetes mellitus. HbA1c = Glycosylated hemoglobin

a
HbA1c was available only for a subset of patients (N=594 for T1DM, N=389 for T2DM)

b
Some patients with diabetic macular edema also had other codes for diabetic retinopathy
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Table 2

Hazard ratios for development of diabetic retinopathy

T1DM T2DM

Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-Value

Age at initial DM diagnosis (per year increase) 1.05 (1.03–1.07) <0.001 1.04 (1.00–1.09) 0.08

Male (Reference=Female) 0.88 (0.73–1.06) 0.19 2.22 (1.52–3.25) <0.0001

Calendar year of initial DM diagnosis Race 
(Reference=White)

0.96 (0.93–0.99) 0.004 1.01 (0.95–1.07) 0.86

 Latino 1.21 (0.84–1.74) 0.31 0.97 (0.56–1.66) 0.90

 Black 0.83 (0.56–1.23) 0.35 1.54 (0.96–2.48) 0.08

 Asian 0.82 (0.39–1.74) 0.61 1.15 (0.47–2.86) 0.76

Household Net Worth (Reference=<$25,000)

 $25,000–$149,999 0.86 (0.56–1.2) 0.42 1.04 (0.64–1.70) 0.87

 $150,000–$249,999 1.10 (0.76–1.60) 0.62 0.64 (0.33–1.23) 0.18

 $250,000–$499,999 0.89 (0.62–1.24) 0.46 0.86 (0.52–1.47) 0.61

 ≥$500,000 1.21 (0.86–1.70) 0.27 0.48 (0.25–0.90) 0.02

T1DM = Type 1 diabetes mellitus. T2DM = Type 2 diabetes mellitus. DM = diabetes mellitus

CI = confidence interval
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