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Rural Disparities in Eyecare Utilization by Patients with Mild,
Moderate and Severe Diabetic Retinopathy

Ranjita Misra, PhD, CHES, FASHA

ABSTRACT a OPEN ACCESS

Aims: This study explored rural disparities in eyecare utilization among adult patients with diabetes with
mild/moderate and severe diabetic retinopathy in the rural state of West Virginia, United States.

Methods: Demographic characteristics, clinical and vision/eye care utilization data were collected from
electronic health records at West Virginia University Eye Institute and affiliated teleophthalmology clinics.
A manual review identified patients who received eye care services between October 2015 and March
2024 (n=11,633). Patient’s residence was categorized using the rural-urban commuting area codes.
Unadjusted and adjusted logistic regression of eye-care visits by diagnosis (diabetes, mild/moderate
diabetic retinopathy, severe diabetic retinopathy and rural residence were conducted adjusting for
sociodemographic, behavioral, clinical factors and comorbidities.

Results: The mean age and HbAlc was 59.7 + 14.2 years and 7.8 + 1.9%, respectively. In the adjusted
multivariable logistic regression controlling for established risk factors, rural residence was associated
with higher visits (OR = 1.47, 95% confidence interval [CI] = 1.04 to 2.08), P<.001. Higher visits were also
noted among rural (vs. urban) patients with severe DR complications (aOR=1.70; 95% CI = 1.48 to 1.96)
and mild/moderate DR (aOR= 1.34; 95% CI = 1.18 to 1.52), P<.001.

Conclusions: A clear rural disadvantage was noted in eyecare utilization among rural patients with severe
diabetic retinopathy. Teleophthalmology may provide opportunities for timely screening and treatment
to reduce preventable blindness.
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Introduction

Diabetic retinopathy (DR) is a chronic complication of diabetes. It unduly burdens rural and underserved adults
with diabetes!? and is the leading cause of preventable blindness among 20 to 74-year-olds in the United
States.® Early detection and treatment can prevent 90% of blindness* and, hence, is a national public health
concern.>® Yet, only two-third of adults receive the recommended diabetic eye screening,’ with significantly
lower rates observed in rural and medically underserved communities.?® Severe cases (i.e., proliferative diabetic
retinopathy (PDR; based on retinal lesions) or Diabetic macular edema (DME) occurs in one-tenth of patients.°
Non-vision-threatening stages of DR includes mild, moderate, and severe non-proliferative diabetic retinopathy
(NPDR).* Epidemiologic studies indicate poor glycemic, blood pressure and lipid control, obesity, smoking,
diabetes duration and age increase the development and progression of DR resulting in higher medical
costs.'>21% DR is higher among individuals with type 1 (T1D) than type 2 diabetes (T2D) patients,®!° and
prevalent in one-third of patients.

West Virginia (WV) is the 3" rural state in the nation with the highest prevalence of diabetes (17.7%) and vision
disability (3%).151® The intersection of rural residence, higher diabetes prevalence with longer duration, poor
glycemic control and social determinants heightens DR risk and vision loss among rural patients than their
urban peers.® %1718 Concerningly, the prevalence is increasing. Non adherence to guideline-concordant
preventive annual dilated eye exams and treatment recommendations are due to: (a) disadvantageous social
determinants of health (SDOH) challenges, including patient level factors (limited access, low health literacy,
awareness/knowledge, comorbidities); (b) health systems factors (high cost, navigation, limited transportation,
satisfaction with eye care, etc.); and (c) limited healthcare provider/clinician reach.'!, Psychosocial factors
in rural and medically underserved residents'®?? include fatalism, despite a greater burden.®2*2* The interaction
of these barriers are due to complex behavioral, social and/or systemic and organizational factors.9212526
Hence, there is a critical need to improve annual screening, education and treatment to prevent or reduce
early DR onset.

Despite the widespread evidence that early screening and initiation of treatment is highly effective, there is
a dismal (< 65%)° number of adults with diabetes that complete their annual screenings and only 40% meet
guideline concordant eye care.?” Hence, it is critical to identify predictors of eyecare utilization that can reduce
the progression of non-vision threatening to serious PDR and DME manifestations.'*?® The WVU hospital system
has implemented fundus photography-based teleophthalmology DR screening over the last decade. In the
past few years, state-of-the-art wide-field fundus cameras have been deployed in sixteen Practice-Based Research
Network (PBRN) primary care clinics (PCPs) to improve accessibility to routine DR screening and monitoring
throughout the state. However, limited studies have examined eyecare utilization among rural DR patients.

Although rural residents have a higher burden of DR, previous studies have used varying definitions and
classifications that complicates the understanding of how socio-demographic and SDOH factors contribute
to rural disparities in eye care utilization. Since the population of West Virginia is geographically dispersed, we
hypothesize that rural DR patients who live farther from eyecare providers will have significantly lower rates of
eyecare utilization as compared to residents who live in urban and suburban areas and closer to providers.

For instance, some studies have applied binary (rural vs. urban) classifications, while others have used multi-
level scales (e.g., urban to isolated rural), further obscuring these relationships.[32-35] Therefore, the present
study evaluated the receipt of diabetic eye care among patients within the WVU Health System by categorizing
residence as rural, suburban, or urban (based on ZIP codes), while adjusting for established DR risk factors.
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Although rural residence increases the burden of DR, along with age, sex, race/ethnicity, and SES,*2%*2 various
definition and classification of rural residence have been used in prior studies. This complicates the underlying
socio-demographic-SDOH contributors to understand rural disparities in eyecare utilization and outcomes
For example, some studies used binary (rural versus urban) or multiple classifications (urban to isolated rural)
that complicates underlying socio-demographic-SDOH contributors to understand rural disparities in eyecare
utilization and outcomes.?2*® Thus, this study assessed the receipt of diabetic eye care among patients at the
WVU health systems by rural, suburban, and urban residence (defined by zip codes), adjusting for established
DR risk factors.

Materials and Methods

STUDY DESIGN AND DATA SOURCE

This retrospective cross-sectional study used Electronic Medical Records-based data for all patients receiving
eye care from October 2015 to March 2024 at participating academic hospitals and clinics in the West Virginia
University (WVU) Hospital (teleophthalmology program with fundus images). This database included detailed
information on patient sociodemographic, clinical, fundus imaging and comorbidities. The information included
patient sociodemographic characteristics, clinical, comorbidities, and ocular/non-ocular diagnosis and treatment
procedure on codes based on the Current Procedural Terminology codes and International Classification of
Disease, Tenth Revision, Clinical Modification (ICD-10-CM). Data was de-identified waiving the informed consent
requirements. The study received ethics approval for secondary data analysis by the institutional review board
at West Virginia University and all procedures were performed in compliance with relevant laws and institutional
guidelines. In addition, the study followed Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines.

INCLUSION AND EXCLUSION CRITERIA FOR STUDY POPULATION

We included adult patients 18 years and older who visited any of the primary or specialist eye clinics in the hospital
system with at least one visit recorded for diabetes. Patients were excluded from the study population if they
were younger than 18 years and/or missing values for age or a diabetes diagnosis. A total of 11,633 adults with
diabetes had one or more visits & 4,878 patients had repeat visits.

PRIMARY OUTCOME

The primary outcome measure included one or more eyecare visits: (a) diabetes, (b) diabetes with mild/moderate
DR, and (c) severe DR complications (e.g., DME). Among patients with recorded eye-care visits, the presence
of existing DR was defined as recorded on or after the date of diabetes diagnosis within the study time frame.
Receipt of eyecare was based on documentation of CPT codes for fundus photography.

DIABETES STATUS AND TYPE

Individuals with a visit anywhere in the WVU medicine with T1D and T2D were included. Those with “other”
types of diabetes (identified on the basis of pregnancy with diabetes or a diabetes-related complication) were
excluded. The search logic included patients with at least one diabetes ICD10 code in their history (E08.x,
E09.x, E10.x, E11.x, E13.x.) with at least one of the CPT codes (92227, 92250) or one of the Epic procedure codes
(2103500071 or IRIS1) occurring between 10/2015 and 3/2024. Diabetes type was assignhed as T2D or T1D.

CLASSIFICATION OF RURALITY
The patient’s residence zip code was used for the geographic region where they lived in the state. The US
Department of Agriculture’s census tract-level Rural Urban Commuting Area (RUCA) classification codes®
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was used to find the corresponding classification based on commuting patterns and population density for a
specific zip code that approximates the census tract level data. The 10 RUCA codes were collapsed into three
categories of metropolitan or urban (1-3), micropolitan or suburban (4-6), and rural residence (7-10) to
characterize and compare the eyecare visits for diabetes, DR with and without DME.

PREDICTOR VARIABLES

Basic sociodemographic and behavioral factors included those that were routinely captured in EHRs - age,
sex, race, ethnicity, marital status, and smoking. Race and ethnicity were self-reported and classified as non-
Hispanic white, non-Hispanic black, Hispanic ethnicity, Asian, and American Indian/Hawaiian/Pacific Islander.
Since there was a large proportion of non-Hispanic white in the population the race/ethnicity variable was
recoded to non-Hispanic white (94.5%) versus minorities (5.5%). The smaller sample size in the “other” and >1
race categories were excluded from the analysis. Similarly, sex and marital status were largely recorded based
on self-report. Marital status included currently married, legally separated or divorced, single, and widowed.
Age was calculated from their date of birth. Smoking status was based on self-report, grouped as never (0),
light smoker/former smoker (1) and regular or smoking every day (2). Body mass index was measured at the
last encounter as it changes over time.

Clinical factorsincluded diabetes type, HbAlc value, presence of comorbid chronic conditions (e.g., hypertension
and heart disease) and depression (identified by ICD codes). HbAlc value was considered a continuous variable,
and we used the value closest to the date of the DR visit. Since patients had many encounters or clinical visits
during the study timeframe & hemoglobin Alc (HbAlc) changes over time, we measured HbAlc at the last
encounter or limited it to 6-months prior or after the date of fundus imaging.

STATISTICAL ANALYSIS

Descriptive statistics included frequency with percentage for categorical variables and mean + standard
deviation (SD) for continuous variables. Differences in patient characteristics by rural, suburban and urban
county of residence and diagnosis groups were compared via Analysis of Variance (ANOVA) in continuous
variables and y? tests in categorical variables. The association of residence (primary independent variable)
with eyecare visits were assessed using unadjusted and adjusted logistic regression models for DR. Dummy
variables were created for gender (reference group = male) and smoking (reference group = nonsmoker or
former smokers). Model covariates were adjusted for age, sex, race/ethnicity, smoking, body mass index, and
clinical (HbAlc, LDL, BUN, Creatinine, GFR), and comorbidities (hypertension, heart disease and depression)
in the multinomial logistic regression models to examine disparities in eyecare visits by diagnosis (DR with
and without DME (diabetes was the reference category) and residence. The results were presented as adjusted
odds ratios (aORs) with corresponding 95% confidence intervals (Cls); P values were 2-sided. All analyses were
performed with SPSS version 29.

Results

DESCRIPTIVE CHARACTERISTICS

A total of 11,633 adults with diabetes in West Virginia were included in the analyses (Table 1). The mean
age and HbAl1c was 59.7 £ 14.3 years and 7.5 £+ 1.7%, respectively. Two-thirds of patients were obese (mean
BMI = 35.3 £ 8.4) and 20% were morbidly obese. The majority were married (55.1%), non-smokers (never/former
50.3%), and Non-Hispanic White (NHW; 94.5%), reflective of the state demographics. Other racial/ethnic groups
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were less well represented (non-Hispanic black 3.6%; Asian, n=94; Hispanic = 90; and American Indian/Alaskan
native, n=27). Patients living in rural, suburban and urban counties were 18%, 22% and 60%, respectively.
In general, rural patients were more likely to be married, younger, obese, and smoked as compared to their
suburban and urban counties peers (p <.001). They also had lower eyecare visits for DR and reported to have
depression (p <.001). However, HbAlc levels were similar for the three groups (Table 1).

DESCRIPTIVE CHARACTERISTICS OF PATIENTS WITH DIABETES, MILD/MODERATE AND SEVERE
DIABETIC RETINOPATHY

Descriptive characteristics of patients with diabetes, mild/moderate DR, and severe DR are presented in
Table 2. Patients with mild/moderate and severe DR were more likely to be younger than those with only
diabetes (p<.001). Similarly, DR patients were more likely to be males (p =0.008). Severe DR patients residing
in rural counties had higher odds of eyecare visits as compared to suburban and urban counties patients (p
<.001). Health risk (self-reported) regular smoking behavior showed DR patients with DME had significantly
lower rates (7.8%) as compared to patients with diabetes and DR (13% and 11.2%, respectively; p<.001).

Differences in eyecare visits among patients with comorbid chronic conditions (e.g., hypertension and
depression) were noted by the three groups. More specifically, individuals with diabetes had higher rates of
hypertension and depression than mild/moderate and severe DR patients (p<.001) and higher eyecare visits
(p<.001). However, comorbid heart disease were similar in the three groups (p=0.34). In terms of clinical factors,
DR patients had worse clinical biomarkers than patients with diabetes. For example, severe DR patients (i.e.,
with DME) exhibited poorer glycemic control (average HbAlc was 8.25 +£1.89) as compared to those with
diabetes (7.19 +1.61) and mild/moderate DR (8.04 £1.80) (p <.001). In addition, mild/moderate and severe DR
patients had significantly worse lipid profiles i.e., higher levels of Low-Density Lipoprotein Cholesterol (LDL-
C), blood urea nitrogen (BUN), creatinine, and abnormal (poor) Glomerular Filtration Rate or GFR, which are
indicative of dyslipidemia and poor kidney function (p<.001) (Table 2).
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Table 1. Descriptive Characteristics of Patient Population by County of Residence 2

Descriptive Statistics Total Patients | Rural County of | Micropolitan County | Metropolitan County P value
(n=11,633) Residence of Residence) of Residence
(n=2,089; 18%) (n=2,583; 22.2%) (n=6,940; 59.8%)
Mean = SD Mean + SD Mean £ SD Mean £ SD
Age 59.70+14.25 | 58.84+14.20 60.82 +£14.27 61.20 +£14.13 <.001
BMI 34.13+8.25 | 34.29 +£8.235 33.75+8.15 34.03 +£8.35 0.015
Alc 7.47+£1.74 7.55+£1.81 7.46 £1.78 7.45+1.74 0.125
No. (%) No. (%) No. (%) No. (%)
Smoking .002
never 5882 (48.8) 52.0% 52.1% 49.7%
former/light smoker 4338 (36.0) 37.7% 37.2% 37.3%
smoker 1393 (11.5) 10.3% 10.7% 13.0%
Gender 048
female 5675 (48.8) 48.6% 50.9% 48.0%
male 5958 (51.2) 51.4% 49.1% 52.0%
Marital Status <.001
divorced/legally separated 1600 (13.3) 13.0% 14.2% 14.0%
married 6534 (54.2) 58.2% 56.4% 56.1%
single 2116 (17.5) 16.1% 16.9% 19.5%
widowed 1307 (10.8) 12.8% 12.5% 10.4%
Race/Ethnicity <.001
10,825 98.6% 94.9% 93.1%
Non-Hispanic white (94.5)
Non-Hispanic black 418 (3.6) 0.8% 4.1% 4.3%
Asian 94 (0.8) 0.2% 0.4% 1.1%
Hispanic/Latino 90 (0.8) 0.2% 0.2% 1.2%
Amindian/Alaskan/Hawaiian 27 (0.2) 0.0% 0.1% 0.1%
Diagnosis P <.001
Diabetes 8017 (69.0) 71.4% 67.3% 63.3%
Diabetes with DR 2140 (18.4) 17.4% 19.6% 20.3%
Diabetes with DR and DME 1455 (12.5) 11.2% 13.0% 16.4%
Hypertension 932
No 4166 (35.9) 36.1% 35.6% 35.9%
Yes 7446 (64.1) 63.9% 64.4% 64.1%
Depression <.001
No 8312 (71.6) 75.0% 69.3% 71.4%
Yes 3300 (28.4) 25.0% 30.7% 28.6%
Medical Research Archives 7




THE EUROPEAN SOCIETY OF MEDICINE

Diabetes Type .799
TiD 335 (5.6) 5.7% 5.9% 5.5%
T2D 5639 (94.3) 94.2% 94.1% 94.4%
Heart Disease 013
No 7410 (63.8) 64.3% 61.4% 64.6%
Yes 4202 (36.2) 35.7% 38.6% 35.4%
Multimorbidity © .709
No 33.5% 34.0% 32.9% 33.6%
Yes 66.5% 66.0% 67.1% 66.4%

Note: Patients included adults aged 18 years or older who had diabetes.

2Diagnosis — Diabetes versus diabetes with diabetic retinopathy or diabetes with diabetic retinopathy and diabetic macular edema.
bRural county of residence was based on census tract-level Rural Urban Commuting Area (RUCA) designations. The 10 RUCA
codes were collapsed into urban metropolitan areas* (1-3), suburban micropolitan areas (4-6), and rural areas (7-10).

Abbreviations. BMI, body mass index; HbAlc, hemoglobin Alc; LDL, low-density lipoprotein; BUN, blood urine nitrogen, and
GFR, globulin filtration rate. Statistical analyses were performed by Analysis of Variance (ANOVA).

Table 2. Descriptive Characteristics of the Individuals with Diabetes, Mild/moderate DR, and Severe DR (n=11,633)

Descriptive Statistics | Total Patients @ Diabetes with no DR | Mild/moderate DR Severe DR P value
Mean or % Mean or % Mean or % Mean or %
N 11,633 8034 2141 1458
Sociodemographic
Variables
Age 59.70+14.25 60.22+14.35 58.64+14.27 58.39+13.40 <.001
BMI 34.13+8.25 34.35+ 8.07 33.70+ 8.07 33.46% 7.70 <.001
Gender (male %) 51.2% 50.4% 52.1% 54.6% .008

County of residence

Rural 18.0% 63.3% 20.3% 16.4% <.001
Micropolitan/suburban 22.2% 67.3% 19.6% 13.0%
Metropolitan/urban 59.8% 71.4% 17.4% 11.2%

Health Risk Behavior

Smoking <.001
Never 5882 (50.7) 49.0% 51.5% 58.5%
Former/light smoker 4338 (37.4) 38.0% 37.3% 33.7%
Smoker 1393 (12.0) 13.0% 11.2% 7.8%

Comorbidities (yes %)

Hypertension 64.1% 65.3% 61.1% 61.5% <.001
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Depression 28.4% 29.4% 27.5% 24.0% <.001
Heart Disease 361% 35.7% 36.8% 37.5% 0.34
Clinical Variables
HbA1c (%) 7.47+1.74 7.19 +1.61 8.04 +1.80 8.25 +1.89 <.001
LDL Cholesterol 87.31+ 36.83 88.22+ 35.96 82.75+ 36.21 89.19+ 4236 <.001
BUN 20.33x13.00 18.74+ 11.09 22.66+ 14.59 2503+ 17.28 <.001
Creatinine 1.19+ 90 1.07x .62 1.43x 1.35 1.47+ 115 0.043
eGFR < 60 36.5% 31.9% 43.0% 52.2% <.001

Note: Patients included adults aged 18 years or older who had diabetes.

2Diagnosis — Diabetes versus diabetes with mild/moderate diabetic retinopathy or severe DR (i.e. have diabetic macular edema).
PRural county of residence was based on census tract-level Rural Urban Commuting Area (RUCA) designations. The 10 RUCA
codes were collapsed into urban metropolitan areas* (1-3), suburban micropolitan areas (4-6), and rural areas (7-10).

Abbreviations: BMI, body mass index; HbAlc, hemoglobin Alc; LDL, low-density lipoprotein; BUN, blood urine nitrogen, and
GFR, globulin filtration rate. Statistical analyses were performed by Analysis of Variance (ANOVA).

ADJUSTED ODDS OF EYECARE UTILIZATION BY RURAL PATIENTS WITH MILD/MODERATE AND
SEVERE DIABETIC RETINOPATHY

Unadjusted and adjusted multinomial logistic regression models are presented in Table 3. Stratified logistic
regression analysis examined association of severe DR patient’s eyecare visits (reference category was patients
with diabetes) and geographical residence in the state of West Virginia, categorized as (a) rural, (b) suburban or
micropolitan, and (c) urban or metropolitan (reference category; Table 3). In the unadjusted model, compared
to their urban peers, patients living in rural and suburban counties had higher odds of eyecare visits for severe
DR follow-up visits and treatment (Model 1; p<.01). Similarly, rural patients had significantly higher eyecare
visits for mild/moderate DR follow-ups in the adjusted model (for age and sex; Model 2). Odds of eyecare
visits by rural patients were 70% and 34% higher for severe DR cases (aOR=1.70; 95% CI: 1.48-1.96) and DR
(@OR=1.34; 95% CI: 1.18 -1.52) compared to their urban peers (p<.001). Interestingly, individuals living in
suburban areas had 27% higher eyecare visits for severe DR follow-ups and treatment (Model 2; OR= 1.27;
95% CI: 1.10 -1.46) and 22% higher for mild/moderate DR (aOR= 1.22; 95% CI: 1.08 -1.37) than their urban
peers. When the model was adjusted for all known risk factors i.e., sociodemographic factors, comorbidities,
clinical and behavioral factors (Model 4), higher eyecare visits by rural patients persisted. The odds of eyecare
visits were 1.3 times higher for mild/moderate DR (OR=1.34; 95% CI: 1.01- 1.79) and 1.5 times higher for severe
DR (OR=1.47; 95% CI: 1.04- 2.08) as compared to individuals living in urban areas. Although suburban patients
had 28% higher odds of having eyecare visits for mild/moderate DR (p=.049), however, were similar for severe
DR with their urban peers (p=0.42). Adjusting for all risk factors, rural residence was associated with higher
eyecare visits and follow-ups in the multinomial logistic regression analysis (OR = 1.47, 95%Cl: 1.04-2.08).
Eyecare visits for severe DR were associated with rural residence, elevated HbAlc and kidney abnormalities,
smoking status and younger age (Table 3).
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Table 3: Multivariable Model of Eyecare Visits among Diabetic Retinopathy Patients by Rural, Micropolitan and
Metropolitan County of Residence (n=11,633)

Patients with mild/moderate DR

Patients with severe DR

2 Diagnosis (n=2141) (n=1458)
aOR P value aOR P value
Predictors for eyecare visits 95% CI 95% CI
Model 1: Unadjusted Model
Eyecare visits by rural 1.31[1.16, 1.49] <.001 1.66 [1.44, 1.91] <.001
county of residence
Micropolitan county of 1.20 [1.06, 1.34] .003 1.24[1.08, 1.42] .001
residence
bModel 2: Adjusted for sociodemographic variables (age and sex)
* Metropolitan county of
residence reference
Rural county of residence 1.34[1.18, 1.52] <.001 1.70[1.48, 1.96] <.001
Micropolitan county of 1.22[1.08, 1.37] <.001 1.27 [1.10, 1.46] <.001
residence
¢Model 3: Adjusted for sociodemographic and clinical variables
Rural county of residence 1.37[1.03, .1.81] .032 1.53[1.08, 2.15] .015
Micropolitan county of 1.29[1.01, 1.65] .039 1.17[ .85, 1.60] .326
residence
dModel 4: Adjusted for sociodemographic, clinical, behavioral variables and comorbidities
BMI .98 (.97, 1.00] .020 .99[.97,1.00] 128
Age at first imaging .98[.97, .99] <.001 .98[.97, .99] <.001
Smoking .86[.70, 1.06] 157 .70[.54, .91] .007
Race (ref non-Hispanic White) .97 [.62,1.52] .899 1.38[.73, 2.62] .326
HbAlc 1.47[1.37, 1.57] <.001 1.51[1.39, 1.65] <.001
Distance to clinic 1.02[1.02, 1.02] <.001 0.99[0.98, 0.99] 0.01
LDL .99 [.99, .99] <.001 1.00[.99, 1.03] 416
BUN 1.03[1.01, 1.04] .001 1.05[1.03, 1.07] <.001
Creatinine 1.26[.98, 1.63] .009 .98[.72, 1.33] .889
GFR .99[.98, 1.00] .020 .99[.98,1.00] .040
Comorbid chronic 97[.71, 1.34] .873 1.16[.77, 1.74] 478
conditions (hypertension,
depression, heart disease)
Mild/moderate/severe DR 1.30[1.06, 1.59] .012 1.09[0.91, 1.31] 0.30
diagnosis
Rural county residence 1.34[1.01, 1.79] .044 1.47[1.04, 2.08] .029
Micropolitan county 1.28[1.00, 1.64] .049 1.14[.83, 1.57] 422
residence
Note: Patients included adults aged 18 years or older who had diabetes and at least one eyecare visit.
Medical Research Archives 10
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2Diagnosis — reference group are individuals with diabetes with no diabetic retinopathy (DR).

®PModel 1: adjusted for age and sex (sociodemographic variables). Sex was entered as a categorical variable.

°Model 2: Adjusted for sociodemographic and clinical variables - age and sex, HbAlc, LDL, BUN, Creatinine and GFR.
9Model 3: The regressions controlled for sex, age, smoking status (regular heavy or light smoker), BMI, HbAlc, LDL, BUN, Creatinine,
GFR, and comorbidities (hypertension, depression and heart disease).

*Residence group- reference group are patients residing in urban counties. Rural county residence was based on census tract-
level Rural Urban Commuting Area (RUCA) designations. The 10 RUCA codes collapsed into urban metropolitan areas* (1-3),
suburban micropolitan areas (4-6), and rural areas (7-10).

Associations are reported unadjusted, and after adjustment for covariates. aOR = adjusted odds ratio (95% CIs).

Abbreviations. aOR, adjusted odds ratio; BMI, body mass index; HbAlc, hemoglobin Alc; LDL, low-density lipoprotein; BUN,
blood urine nitrogen, and GFR, globulin filtration rate. Statistical analyses were performed by logistic regression with generalized
estimating equations.

Discussion

To our knowledge, this is the largest cross-sectional retrospective study to examine predictors of eyecare
utilization for mild/moderate and severe DR in West Virginia. Results provided evidence that rural residence
was independently associated with higher eyecare visits than those who lived in urban and suburban areas.
After adjustment for known risk factors, the higher likelihood of eyecare visits persisted i.e., rural patients were
34% and 43% times more likely to have eyecare visits for and after diagnosis of severe DR. This can be interpreted
as rural patients with delayed diagnosis may require greater visits for untreated severe DR complications.
Alternatively, blurry vision, a complication of DR, may have triggered more visits for management and treatment.
These findings are consistent with prior literature reporting that rural residents with diabetes are often diagnosed
at earlier ages and experience more severe vision-related complications.?**’

According to the 2010 census, 19.3% (59.5 million) of the nation’s population are classified as rural. West Virginia
is a predominantly rural Appalachian state with highest burden of diabetes and vision disparities as well as
high rates of comorbid chronic conditions such as obesity, hypertension and heart disease.*® With the expected
increase in prevalence of diabetes in the state, partly due to higher rates of obesity, sedentary lifestyle, and
provider reach, 70% of the population that live in rural and medically underserved areas face notable contextual
and structural challenges to eyecare, including persistent poverty, lower educational attainment, and a lack
of resources to support adherence behaviors. In addition, unlike other populations that experience disparities
in DR prevalence, rural residence is a non-modifiable risk factor. Hence, there is an urgent need to improve
access for dilated eye exams, DR monitoring and specialized eye care services for rural patients through
teleophthalmology, beyond the current 16 primary care clinics, to all the 107 clinics in the PBRN network. In
addition, patient education by primary care providers for yearly diabetic eye exams and diabetes self-care can
reduce rural vision disparities. Teleophthalmology also provides the opportunity to reduce barriers (e.g., limited
availability of specialists, long travel distances, and disadvantageous social determinants of health) faced by
rural patients to receive timely and recommended DR care. Although estimates of severe DR rates in this study
is somewhat lower than expected, results validate the epidemiological patterns of higher visits among rural
patients observed in population-based studies.'®?223 |t also confirms trustworthiness of WVU teleophthalmology
data source for severe DR research. The lower rates for severe DR cases may be due to some patients that
live in the bordering states of Pennsylvania, Ohio and Maryland travel out-of-state for specialized eyecare
visit at non-WVU teleophthalmology programs. The EMRs in various states are not interoperable leading to
challenges in accurate estimates, seamless data sharing across different healthcare settings, and monitoring
and treatment for mild, moderate and severe DR.
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Younger patients had a higher likelihood of DR eyecare utilization. This could be related to limited diabetes
and eyecare that contributes to earlier incidence in vision related complications and vision loss.*” Because two-
thirds of patients were obese and half smoked (light or regularly), public health primary/secondary prevention
programs on smoking cessation and healthy behaviors is needed to reduce risk/ progression for vision
loss.®"4%-42 Chronic smoking lowers retinal blood flow and increase DR risk and progression.**“* In addition,
regular monitoring and prompt intervention is critical for high-risk rural patients who smoke as they had a 30%
lower likelihood of eyecare visits for severe DR than urban patients. Barriers to eye care among tobacco users
should be investigated in future studies as rural populations have both higher prevalence and consumption
of cigarettes per day.*®

The rate of eyecare visits was higher for severe DR patients with systemic factors (higher HbALlc, lipid levels,
BUN, smoking and BMI) that reside in rural and suburban counties.* This concurs with prior studies that presence
of DR is associated with poor glycemic control, higher BUN and lower GFR.*¢47 This is consistent with prior
research that show geography is both an independent and interdependent contributor to detection and
progression of DR.1%?” Poor glycemic control i.e., Alc above 7%, is strongly associated with regression in vision
threatening severe DR.'*%48 Rural and suburban residence was both associated with higher eyecare visits
and validates that while patients in rural areas tend to have poorly controlled diabetes, suburban residence
does not confer an advantage due to potential less access to teleophthalmology options, specialized eye
care, optimal diabetes management, less awareness, and SDOH factors potentially delaying DR detection
and treatment. Since WV is the 12" least populous state, novel approaches to improve accessibility of clinical
and eyecare services will reduce the likelihood of developing diabetes related eye complications.**° As
indicated earlier, teleophthalmology screenings are limited and scattered in the state. Hence, alternate cost-
effective methods (e.g., mobile vans and asynchronous telehealth) to improve early screening in rural, remote
and hard-to-reach individuals with diabetes should be investigated to improve eye care in rural and suburban
patients.'*4

In 2020, only 38% of the rural population had access to a comprehensive public health system as compared
to 51.7% of urban populations.*® Although 90% of WV counties are considered medically underserved areas,
it should also be noted that rural patients are not one homogeneous group and variations have been observed
within and across population groups based on unique geographic, socioeconomic, geopolitical, and cultural
contexts. Many factors contribute to vision and health disparities in this rural state - a greater likelihood of
being uninsured, social isolation, food deserts, access to teleophthalmology, medical mistrust, and fatalism.
Also, in this study, patient residence in isolated rural and small rural were combined due to smaller sample size.

This study has several strengths i.e., large sample size and comprehensive information on care-seeking visits.
However, there are several limitations. Although data included patients from all 25 hospitals in the WVU health
system, patients may have received eye care outside which could underestimate the patient visits. Furthermore,
uninsured patients with diabetes were uncaptured as they would not have received eye care. Black, Hispanic,
Asian, from patients from other races were combined due to low numbers that may have masked within group
differences. Diabetes duration could not be calculated due to missing diabetes diagnosis and retrospective
nature of the study. In addition, type of insurance may have influenced visits associated with diabetes and
eyecare compliance which was not assessed.* Lastly, like most observational studies, the multivariable models
are subject to confounding by unmeasured or imprecisely measured covariates. Additionally, education,
income and diabetes duration or other individual and social determinants of health could not be investigated,
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given the nature of the data set. Nevertheless, the findings provide a clear opportunity for health systems
to improve primary and secondary prevention of severe DR that can benefit rural patients. Monitoring by
teleophthalmology, to diagnose and compliance with standard of care, can decrease the burden of preventable
blindness in rural populations. Innovations in integrating education into patient portals and providers’
communication to encourage patient adherence should be investigated. In addition, the complex interplay
of socio-demographic, clinical and behavioral factors associated with DR management highlight the need
for patient education focused on glycemic control and diabetes self-care to reduce diabetes complications
in the rural areas. In addition, targeted interventions to improve patient education and reduce barriers to eye
care and monitoring is warranted. Future research should characterize rural disparities in diabetes management
by socio demographic and SDOH levels, including, but not limited to, the role of patient- and provider
barriers to DR screening compliance, clinic pathways for increasing the frequency of teleophthalmology and
telehealth visits for diabetes self-management and eye assessments that impact vision health.*

Conclusion

This retrospective analysis of a statewide EMR database of adults with diabetes found rural county of residence
was associated with 1.3- and 1.5-times higher odds for eyecare visits by diabetic retinopathy patients with mild,
moderate and severe disease stages. This rural disadvantage noted in the burden of eyecare visits highlights
the importance of comprehensive and yearly dilated eye exams for early diagnosis and targeted interventions
to prevent or delay the progression to more severe forms of diabetic retinopathy. While improved patient
education and addressing complex barriers at multiple levels (patient, systems and social determinants of
health) can improve adherence to eyecare visits and services, teleophthalmology offers the option for regular
monitoring and treatment for high-risk rural patients for preventable blindness.
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