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ABSTRACT
Introduction Rural versus urban disparities have been 
observed in diabetic eye screening, but whether the level 
of disadvantage in rural versus urban areas is related to 
these disparities is unclear. Our goal was to determine 
the role of level of disadvantage in explaining the effect of 
health systems on rural and urban disparities in diabetic 
eye screening.
Research design and methods This is a retrospective 
cohort study using an all- payer, state- wide claims 
database covering over 75% of Wisconsin residents. 
We included adults with diabetes (18–75 years old) who 
had claims billed throughout the baseline (2012–2013) 
and measurement (2013–2014) years. We performed 
multivariable regressions to assess factors associated with 
receipt of diabetic eye screening. The primary exposure 
was the primary care clinic’s combined level of rurality and 
disadvantage. We adjusted for the health system as well 
as patient- level variables related to demographics and 
comorbidities. Health system was defined as an associated 
group of physicians and/or clinics.
Results A total of 118 707 adults with diabetes from 
698 primary care clinics in 143 health systems met the 
inclusion criteria. Patients from urban underserved clinics 
were less likely to receive screening than those from rural 
underserved clinics before adjusting for health system in 
the model. After adjusting for health system fixed effects, 
however, the directionality of the relationship between 
clinic rurality and screening reversed: patients from urban 
underserved clinics were more likely to receive screening 
than those from rural underserved clinics. Similar findings 
were observed for both Medicare and non- Medicare 
subgroups.
Conclusions The effect of health system on receipt of 
diabetic eye screening in rural versus urban areas is 
most pronounced in underserved areas. Health systems, 
particularly those providing care to urban underserved 
populations, have an opportunity to increase screening 
rates by leveraging health system- level interventions 
to support patients in overcoming barriers from social 
determinants of health.

INTRODUCTION
Despite landmark clinical studies showing that 
early detection and treatment can prevent 
90% of blindness,1 2 receipt of diabetic eye 
screening remains around 50% among 
patients in the USA.3 Screening rates are even 
lower in underserved communities.3–7 Most 

studies seeking to identify factors associated 
with receipt of diabetic eye screening have 
focused on patient- level characteristics.8–10 
While there are examples of robust system- 
level interventions in the literature, there has 
been limited adoption of such interventions 
and the focus in clinical practice has been 
primarily on patient- level interventions.11 
Consequently, majority of the interventions 
to increase screening have centered on 
improving patient education among high- 
risk populations, producing limited improve-
ments in screening receipt.12–15

Our prior work and that of others suggest 
that health systems and primary care clinics 
may represent underutilized targets for inter-
ventions to increase diabetic eye screening. 
A primary care provider’s recommenda-
tion is the strongest factor influencing a 
patient’s decision to obtain diabetic eye 
screening.16 17 Primary care provider behavior 
has been strongly linked to organizational 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Rural versus urban disparities have been observed 
in diabetic eye screening, but it is not clear how 
socioeconomic disadvantage in rural versus urban 
communities is related to differences in receipt of 
diabetic eye screening.

WHAT THIS STUDY ADDS
 ⇒ Using state- wide claims data, we examined the ef-
fect of health system on the association of primary 
care clinic rurality and disadvantage with receipt of 
diabetic eye screening.

 ⇒ After removing the effect of the health system, 
patients from urban underserved clinics were 
more likely to receive screening than their rural 
counterparts.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Health system- level interventions provide an import-
ant opportunity for increasing diabetic eye screening 
rates and supporting patients in overcoming barriers 
from social determinants of health.
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goals, incentives, and infrastructure at the health system 
and clinic level.18–21 Previously, we observed that the 
median magnitude of the effect of health system on 
the odds of screening receipt was 1.24 (IQR, 1.11–1.48) 
using an all- payer, state- wide claims database that covers 
over 75% of Wisconsin residents (Wisconsin Health 
Information Organization (WHIO) All- Payer Claims 
Database) and including all health systems in the data-
base.11 Patients who obtained care from urban primary 
care clinics had a higher likelihood of screening receipt 
than those who obtained care from rural primary care 
clinics after adjusting for the effect of the health system, 
but those from urban clinics had a lower likelihood of 
screening receipt prior to adjusting for the effect of the 
health system. This reversal suggested that the health 
system strongly impacted whether patients received 
diabetic eye screening.

However, binary classification of areas as either rural 
or urban may be overly simplistic and obscure variable 
levels of health insurance, healthcare access, education, 
income, and health status that contribute significantly to 
patient outcomes. Previous reports have demonstrated 
the need for more nuanced classification of rurality 
informed by social determinants of and barriers to 
healthcare access.22 23 Thus, the Wisconsin Collaborative 
for Healthcare Quality (WCHQ), in collaboration with 
the University of Wisconsin Health Innovation Program, 
developed six groups or geolocations to better describe 
the healthcare access and socioeconomic characteristics 
of rural and urban zip codes across the state of Wisconsin: 
(1) urban advantaged, (2) urban, (3) urban under-
served, (4) rural advantaged, (5) rural, and (6) rural 
underserved.22 24 Rurality and level of disadvantage in 
this study refer to these six WCHQ geolocation categories 
which were created in consideration of access to health-
care providers, insurance status, employment status, 
median household income, educational attainment, and 
health outcomes among people residing within these 
areas. These rural and urban underserved areas are 
associated with 6%–10% lower rates of breast, cervical, 
and colorectal cancer screening than urban advantaged 
areas, but the association between rurality and level of 
disadvantage and receipt of diabetic eye screening has 
not been previously evaluated using this categorization.22

In this study, we used the WHIO All- Payer Claims 
Database to determine the effect of a patient’s health 
system on their likelihood of screening receipt based on 
primary care clinic rurality and level of disadvantage. We 
also compared these results between Medicare and non- 
Medicare subgroups.

METHODS
Data sources
We conducted a retrospective analysis of de- identified 
data from the WHIO All- Payer Claims Database, which 
includes 75% of the Wisconsin population. The WHIO 
was established in 2005 as a state- wide collaboration 

among Wisconsin insurance companies, healthcare 
providers, large employers, and public agencies. The 
WHIO database contains medical, dental, and pharma-
ceutical claims information, along with de- identified 
patient demographics from commercial insurers, Medi-
care, and Medicaid in the state of Wisconsin. Insurance 
claims were included from commercial, Medicaid Health 
Maintenance Organization (HMO), Medicaid Fee- For- 
Service, and Medicare HMO payers. The WHIO also 
provides information regarding the clinic location at 
which care was provided, which is not available from most 
claims databases.

Inclusion and exclusion criteria
Individuals included in this analysis had 24 months of 
medical insurance coverage throughout the baseline 
and measurement periods. The baseline period was from 
October 1, 2012 to September 30, 2013. The measure-
ment period was from October 1, 2013 to September 30, 
2014. We included patients who were 18–75 years of age 
as this age group is recommended to receive diabetic 
eye screening in accordance with national guideline- 
based quality metrics (ie, National Committee on Quality 
Assurance (NCQA)/ Healthcare Effectiveness Data and 
Information Set (HEDIS)).3 Patients carried a diagnosis 
of diabetes according to the Hebert et al definition25 (ie, 
requiring at least two diagnoses of diabetes billed in an 
outpatient setting or one diagnosis of diabetes billed in an 
inpatient setting). The data set excluded those enrolled 
in hospice as they would not be eligible for diabetic eye 
screening.

We then excluded patients with a primary care 
provider located outside Wisconsin because the WHIO 
All- Payer Claims Database only includes detailed primary 
care clinic and provider information for health systems 
located in the state of Wisconsin (figure 1). We chose to 
focus on primary care physicians since 90% of patients 
with diabetes see their primary care physician at least 
once yearly26 and primary care physicians are typically 
those responsible for referring patients for preventive 
screening tests such as diabetic eye screening. We also 
excluded patients of primary care providers who were 
unassigned to a health system, patients whose primary 
care clinic was not assigned a WCHQ geolocation cate-
gory, and those with a primary care provider who had 
fewer than 20 patients with diabetes in our data set as 
these providers may be less familiar with screening guide-
lines because diabetes management formed a very limited 
part of their clinical practice.

Outcome measure
Patients were considered adherent with diabetic eye 
screening guidelines if they were screened once within 
the measurement year, following the American Academy 
of Ophthalmology (AAO) guidelines.27 Included 
patients were billed for a claim for an inperson eye 
exam with an eye care provider or teleophthalmology- 
based retinal imaging,28 since either fulfills diabetic eye 
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screening guidelines and both methods are endorsed by 
the American Diabetes Association.2 29 Claims included 
an Evaluation and Management (E&M) code (992XX) 
or eye visit code (920XX) with an eye care provider 
(identified based on their Medicare taxonomy code) 
or billing performed for teleophthalmology imaging 
(Current Procedural Terminology (CPT) 92227, 92228, 
92250).

Predictor variables
We included the following patient- level predictor vari-
ables: age, sex, and hierarchical condition category 
(HCC) risk score. The HCC risk score provides a surro-
gate measure of medical comorbidities originally gener-
ated to predict healthcare expenditures in the subsequent 
year based on the previous year’s utilization.30 The 
average HCC risk score of a Medicare beneficiary is set 
as a reference score of 1.00. Insurance payer and health 
system were assigned based on the payer listed at month 
12 of the baseline study period, and no patients were 
assigned to multiple payers or health systems. Patients 
dually eligible for Medicare and Medicaid were assigned 
to Medicare in the WHIO data set.

The analyses included clinic- level and health system- 
level variables as well. The clinic where the patient saw 
their primary care provider was categorized as urban 
underserved, urban, urban advantaged, rural under-
served, rural, and rural advantaged based on zip code 
from the WCHQ method of categorization, which uses 
an established model that includes access to healthcare 
providers, insurance status, employment status, median 
household income, educational attainment, and health 
outcomes.22 24 The health system where a patient was 
seen was included within a categorical variable indicated 
by one of 101 included health system names. Each of 
the 100 largest health systems was assigned to a single 
value (ie, health system A, health system B, etc). The 43 
smallest health systems were aggregated under a single 
value. A health system was defined as an associated group 
of physicians and/or clinics and was determined for 
each patient based on the health system affiliation of the 
patient’s primary care provider.

Statistical analysis
We generated multivariable logistic regression models 
to determine possible factors associated with receipt of 
diabetic eye screening based on health system, primary 
care clinic rurality and level of disadvantage, patient 
demographics, and comorbidities. To account for the 
fixed effect of individual health systems, we included 
the 143 health systems as one categorical variable with 
101 possible values (ie, largest 100 health systems plus 
the 43 smallest health systems aggregated and analyzed 
as a single health system) in the multivariable regression 
model. Predicted probabilities (PPs) were generated 
using LSMEANS SAS statement in the logistic regres-
sion.31 We also conducted a subgroup analysis among 
Medicare and non- Medicare beneficiaries. All statistical 
analyses were performed using SAS V.9.4.

RESULTS
A total of 118 707 adults with diabetes from 698 primary 
care clinics in 143 Wisconsin health systems were included 
in our analysis (table 1 and online supplemental table 1; 
available at https://www.aaojournal.org) after excluding 
37 702 patients with a primary care provider located 
outside Wisconsin (10.9%), those with a primary care 
provider with fewer than 20 patients with diabetes in 
our data set (8.1%), those with a primary care provider 
unassigned to a health system (4.7%), and patients whose 
primary care clinic was not assigned a WCHQ geoloca-
tion category (0.4%). Patients excluded from our anal-
ysis (n=20 689) were slightly more likely to be female, 
younger, less likely to be insured by Medicare, and less 
likely to receive diabetic eye screening (online supple-
mental table 2; available at https://www.aaojournal.org).

Most patients included in our analysis were male 
(51.4%) and 74.3% were over 55 years of age (mean: 
60.9±11.3 years). The most common insurance payers 
were Medicare (58.3%), commercial (30.9%), and 
Medicaid (10.1%). Majority of the patients (83.8%) 
obtained care at an urban primary care clinic (urban 
advantaged, 29.4%; urban, 43.6%; or urban underserved, 
10.8%). The mean HCC risk score was 1.09. In compar-
ison with the non- Medicare population, those insured 

Figure 1 Flow chart of patients included in the analysis (N=118 707). *Number of patients with diabetes 18–75 years of age 
and not in hospice. PCP, primary care provider; WCHQ, Wisconsin Collaborative for Healthcare Quality; WHIO, Wisconsin 
Health Information Organization; WI, Wisconsin.
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by Medicare were older, more likely to be female, more 
likely to obtain care at a rural primary care clinic, and had 
a higher HCC risk score (p<0.001 for all comparisons).

The overall proportion of patients who received 
diabetic eye screening was 53.5%. The predicted prob-
ability of screening receipt was lowest among patients 
obtaining care from urban underserved primary care 
clinics (PP: 43.6%, OR 0.60, 95% CI 0.58 to 0.63) and 

highest among those obtaining care from urban advan-
taged primary care clinics (PP: 55.8%, reference group) 
before adjusting for health system in the model (table 2).

Patients from urban underserved clinics were less 
likely to receive screening than those from rural under-
served clinics (PP: 50.1%, OR 0.79, 95% CI 0.71 to 0.88) 
before adjusting for health system. When health system 
fixed effects were added to the model, however, the 

Table 1 Characteristics of adults with diabetes in Wisconsin (N=118 707)

Characteristics
Overall
(N=118 707)

Medicare
(n=69 239)

Non- Medicare
(n=49 468) P value

Age (years), mean (SD), range 60.9 (11.3), 18–75 66.4 (8.3), 20–75 53.1 (10.4), 18–75 <0.001

Age (years) (%)

  ≤54 25.6 10.1 47.5 <0.001

  55–64 26.1 13.3 44.1

  65–75 48.2 76.7 8.5

Male, n (%) 51.4 50.2 52.9 <0.001

Insurance payer (%)

  Commercial 30.9 – – –

  Medicaid 10.1 – –

  Medicare 58.3 – –

  Other 0.6 – –

Primary care clinic rurality (%)

  Urban advantaged 29.4 25.9 34.4 <0.001

  Rural advantaged 5.2 5.2 5.3

  Urban 43.6 47.2 38.7

  Rural 9.5 9.9 9.0

  Urban underserved 10.8 10.4 11.4

  Rural underserved 1.4 1.5 1.3

HCC index, mean (SD), range 1.09 (1.1), 0.12–
14.63

1.3 (1.2), 0.12–
14.63

0.81 (0.82), 0.12–
14.07

<0.001

Receipt of diabetic eye screening (%) 53.5 59.4 45.4 <0.001

HCC, hierarchical condition category.

Table 2 Adjusted* predicted probabilities, ORs, and 95% CIs for the relationship between clinic location and receipt of 
diabetic eye screening (N=118 707)

Clinic location

Rural/urban Rural/urban+health system

Predicted 
probability OR 95% CI

Predicted 
probability OR 95% CI

Urban advantaged 55.8 Ref – 51.8 Ref –

Rural advantaged 51.0 0.82 0.78 to 0.87 46.6 0.80 0.74 to 0.86

Urban 49.3 0.76 0.74 to 0.79 48.3 0.86 0.83 to 0.90

Rural 52.8 0.88 0.84 to 0.92 46.2 0.79 0.75 to 0.83

Urban underserved 43.6 0.60 0.58 to 0.63 48.9 0.89 0.84 to 0.94

Rural underserved 50.1 0.79 0.71 to 0.88 43.9 0.72 0.63 to 0.83

*Models are adjusted for age, sex, health insurance payer, chronic conditions (ie, HCC index), and where noted for health system (ie, single 
variable representing each of the 100 largest health systems in the database).
HCC, hierarchical condition category; Ref, reference group.
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directionality of the relationship between clinic rurality 
and screening receipt reversed. In these fully adjusted 
models, patients from urban underserved clinics were 
more likely to receive screening than those from rural 
underserved clinics (PP: 48.9%, OR 0.89, 95% CI 0.84 
to 0.94 vs PP: 43.9%, OR 0.72, 95% CI 0.62 to 0.82, 
respectively).

Similar findings were observed for both Medicare and 
non- Medicare subgroups. Before adjusting for health 
system in the model, patients who obtained care from 
rural underserved primary care clinics were more likely 
to receive screening than those from urban underserved 
clinics (Medicare: PP: 51.1%, OR 0.76, 95% CI 0.67 to 
0.87 vs PP: 45.9%, OR 0.62, 95% CI 0.58 to 0.65; non- 
Medicare: PP: 48.5%, OR 0.85, 95% CI 0.73 to 1.01 vs 
PP: 39.9%, OR 0.60, 95% CI 0.56 to 0.64, respectively) 
(table 3).

However, the directionality of this association reversed 
when health system was included (Medicare: 45.8%, 
OR 0.67, 95% CI 0.56 to 0.81 vs 50.3%, OR 0.83, 95% 
CI 0.77 to 0.89; non- Medicare: 43.3%, OR 0.78, 95% 
CI 0.63 to 0.97 vs 50.3%, OR 1.05, 95% CI 0.96 to 1.16, 
respectively). Additionally, non- Medicare beneficiaries 
experienced a greater reversal in the directionality of the 
relationship between screening receipt among rural and 
urban underserved clinics when the health system fixed 
effects were included in the model.

Finally, patient- level factors associated with receipt 
of diabetic eye screening were similar among patients 
insured by either Medicare and non- Medicare payers. 
These factors included older age, female sex, and greater 
HCC risk score (online supplemental table 3; available at 
https://www.aaojournal.org).

DISCUSSION
Primary care clinic rurality and level of disadvantage were 
associated with the likelihood of receipt of diabetic eye 
screening. Patients who obtained care at urban under-
served primary care clinics were less likely to receive 
diabetic eye screening than those obtaining care at rural 
underserved primary care clinics, but the directionality 
of this relationship reversed when the model was adjusted 
for the effect of health system. Patients in both the Medi-
care and non- Medicare subgroups exhibited similar 
findings, although a more marked reversal was evident 
among non- Medicare patients from urban underserved 
clinics after adjusting for the effect of health system. 
Furthermore, patient- level factors associated with receipt 
of diabetic eye screening were comparable among Medi-
care and non- Medicare subgroups, and across WCHQ 
geolocation categories of the clinics, indicating our 
results are robust across health insurance types.

Our results suggest that there are factors related to a 
health system’s characteristics that substantially influence 
a patient’s likelihood of screening receipt. After removing 
the effect of the health system, there was a major change 
in the likelihood of screening receipt among rural versus 

urban underserved populations. Patients obtaining care 
from urban underserved primary care clinics would be 
predicted to receive more screening than their rural 
counterparts in the absence of health system- related 
factors.

While most studies have focused on patient- level inter-
ventions to increase receipt of diabetic eye screening,12–15 
our results emphasize the importance of the health 
system and health system- level interventions, which have 
been under- represented in studies aimed at increasing 
screening. A recent Cochrane review of interventions 
to increase diabetic retinopathy screening found that 
health system- level interventions such as restructuring 
teams or workflows to support screening receipt, use of 
electronic patient registries and recall systems, and use 
of telemedicine- based screening effectively increased 
screening rates.12 A systematic review by Zhang et al32 
identified five randomized controlled trials in which 
health system- level interventions, including telemedicine, 
significantly increased diabetic retinopathy screening, 
with relative risks ranging from 1.12 (95% CI 1.03 to 
1.22) to 5.56 (95% CI 2.19 to 14.10). In our prior work, 
we found that tailored implementation of telemedicine- 
based screening using health system- level interventions, 
such as primary care workflow changes and patient recall 
systems, led to significant and sustained increases in 
screening rates in a rural health system.18 Targeted use of 
health system- level interventions in diabetes populations 
with lower screening rates, including rural and urban 
underserved populations, Black and Latinx communi-
ties, as well as younger populations,8 10 33 could be highly 
effective in increasing screening rates.

Our finding that the likelihood of receipt of diabetic 
eye screening was significantly different between patients 
obtaining care at rural and urban underserved clinics 
was likely due to differences in barriers to screening 
experienced by these communities. Both underserved 
populations (based on WCHQ definitions) have poorer 
health, are uninsured at higher rates, are more likely 
to be insured by Medicaid, experience more poverty, 
and have less educational attainment.22 However, rural 
underserved communities have less access to healthcare 
as a result of long travel distances and lower geograph-
ical density of healthcare providers, while those in urban 
underserved communities may have physical proximity 
to a greater number of healthcare providers but experi-
ence higher rates of unemployment, leading to reduced 
access to healthcare from lack of health insurance or 
underinsurance.22 34 35

Additionally, we observed that urban underserved 
clinics have a higher likelihood of screening receipt 
than rural underserved clinics after adjusting for health 
system, which suggests that patients from urban under-
served populations may face greater barriers to eye 
screening related to social determinants of health, 
including structural racism,36 compared with rural under-
served populations, which in Wisconsin are predom-
inantly non- Hispanic and white. Urban underserved 
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clinics in particular may have a substantial opportunity 
to increase screening using health system- level inter-
ventions. However, additional factors outside the health 
system may be limiting access for rural patients,35 and 
health system interventions alone may not be sufficient to 
address barriers to access in rural communities. Notably, 
our findings in this study differed from those which we 
previously reported in which patients obtaining care 
from rural, compared with urban, primary care clinics 
were less likely to receive screening when adjusting for 
the effect of the health system.11 37 This was likely due 
to the fact that the ‘urban’ and ‘rural’ categories in our 
prior study grouped together advantaged and under-
served populations, which failed to capture the nuance 
of the substantial challenges faced by urban underserved 
communities.

Taken together, the results of our study demonstrate the 
significant gap that remains to be addressed with regard 
to increasing diabetic eye screening across the USA 
overall and in high- risk populations. Patient- level factors 
associated with increased likelihood of receipt of diabetic 
eye screening, including older age and female sex, were 
similar among patients insured by either Medicare or 
non- Medicare payers and were consistent with prior liter-
ature.9 33 38 Lower rates of screening have also been iden-
tified among younger patients who are Black or Latinx 
and those with lower household net worth.8 10 While our 
database did not include information regarding race, 
ethnicity or household income, these factors have been 
significantly associated with the likelihood of screening 
after adjusting for age and sex in some studies,39 40 but 
not in others.9 38 Inclusion of these variables would have 
enriched the data set and may have provided further 
evidence in support of the impact of social determinants 
of health on the likelihood of screening receipt.

While our study had many strengths, some limitations 
of this work included the study period of 12 months, 
which made our measurement of receipt of diabetic eye 
screening (based on the AAO guidelines) more stringent 
compared with other studies that considered screening 
within 15 months to be adherent.8 41 By using a 1- year 
measurement period to assess screening receipt, we may 
have systematically underestimated screening receipt. 
However, this would be applied equally to all health 
systems and would not affect estimated differences across 
health systems. In addition, current health system quality 
performance incentive guidelines (ie, NCQA/HEDIS)3 
require that patients receive screening either within 
1 year if they have a history of mild retinopathy or within 
2 years for those with no history of retinopathy. Thus, we 
used a 1- year measurement period given that we did not 
have data on the presence or severity of diabetic retinop-
athy. As with other claims- based studies, we did not have 
records of each eye exam and this could also have system-
atically slightly overestimated screening receipt due to a 
small number of patients who may have deferred pupil 
dilation at their eye clinic visit and therefore did not 
obtain diabetic eye screening.8 10 Excluding patients from 

primary care providers with fewer than 20 patients with 
diabetes may have systematically excluded patients from 
smaller clinics and health systems. However, the number 
of patients meeting this criterion comprised a relatively 
small proportion of our sample (8.1%, n=12 710). Thus, 
it is unlikely that excluding these patients significantly 
affected our results.

Additionally, a single insurer was assigned to each 
patient in this claims database even though patients 
could have been covered by a non- Medicare insurer in 
the baseline period and Medicare in the study period. In 
our data set, only 2.4% of patients were 64 years old when 
the study period began, so this scenario would apply to a 
very small fraction of our study population and would be 
unlikely to have significantly affected our results. Further, 
given the limitations of our claims- based data set, we 
were unable to stratify our results by Medicaid eligi-
bility and assess for differences based on this socioeco-
nomic marker, nor were we able to generalize our results 
to populations not seeking care from health systems. 
Finally, the difference observed between the likelihood 
of screening in urban and rural underserved populations 
after adjusting for health system may be related, in part, 
to residual confounding, which could include unmea-
sured effects of social determinants of health.

In this state- wide, all- payer claims database, we observed 
significant associations between primary care clinic 
rurality and level of disadvantage and receipt of diabetic 
eye screening. Health systems had a substantial effect on 
the observed associations between diabetic eye screening 
and both rural and urban underserved populations. 
While most studies have focused on patient- level inter-
ventions to increase receipt of diabetic eye screening, our 
results emphasize the importance of health system- level 
interventions, such as restructuring teams or workflows to 
support screening receipt, use of electronic patient regis-
tries and recall systems, and use of telemedicine- based 
screening. Health systems, particularly those providing 
care to urban underserved populations, have an oppor-
tunity to increase screening rates by leveraging health 
system- level interventions to support patients in over-
coming barriers related to social determinants of health.
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Supplemental Table 1. Characteristics of Adults with Diabetes in Wisconsin (N=118,707) 
 

 
Characteristic All  

Urban 
Advantaged 

(N=34,903) 

Rural 
Advantaged 

(N=6,198) 

Urban 
(N=51,803) 

Rural 
(N=11,305) 

Urban 
Underserved  

(N= 12,871) 

Rural 
Underserved 

(N=1,627) 
p-value 

Overall 
(N=118, 707) 

Age (years), mean (SD), 
range 

60.9 (11.3), 
18-75 

60.5 (11.4), 
18-75 

61.4 (11.1), 
18-75 

61.4 (11.2), 
18-75 

61.7 (10.8), 
18-75 

58.7 (12.1), 
18-75 

60.8 (11.8), 
18-75 

<0.001 

Age (years), n (%)         

  ≤ 54 25.6 26.0 24.4 24.3 23.3 32.9 26.1 <0.001 

  55-64 26.1 28.0 25.9 24.6 26.1 27.2 24.7 

  65-75 48.2 46.0 49.7 51.1 50.6 39.9 49.2 
Male, n (%) 51.4 53.3 54.9 50.3 55.3 44.9 52.2 <0.001 

Insurance Payer, n (%)          

  Commercial 30.9 41.4 35.5 27.4 30.0 16.9 20.4 <0.001 

  Medicaid 10.1 6.3 6.4 9.1 8.6 27.0 16.7 

  Medicare 58.3 51.3 57.7 63.0 60.7 56.1 62.1 
  Other 0.6 1.0 0.4 0.5 0.7 0.0 0.8 

HCC Index, mean (SD), 
range 

1.09 (1.1), 
0.12-14.63 

1.0 (1.0), 
0.12- 12.9 

0.96 (0.96), 
0.12- 11.7 

1.12 (1.14), 
0.12-14.6 

1.02 (0.97), 
0.12-10.9 

1.3 (1.3), 
0.12-12.1 

1.1 (1.1), 
0.12-11.0 

<0.001 

Receipt of Diabetic Eye 
Screening, n (%) 

53.5 57.4 53.3 52.5 55.5 45.5 53.0 <0.001 

Medicare 
(N=69,239) 
 

Age (years), mean (SD), 
range 

66.4 (8.3), 
20-75 

66.8 (8.1), 
20-75 

67.1 (7.9), 
23-75 

66.4 (8.3), 
20-75 

66.6 (8.2), 
21-75 

64.9 (9.2),  
21-75 

66.5 (8.3),  
21-75 

<0.001 

Age (years), n (%)         

  ≤ 54 10.1 8.7 8.8 10.2 9.4 13.8 9.0 <0.001 
  55-64 13.3 11.4 10.8 13.4 13.4 18.5 15.3 

  65-75 76.7 79.9 80.4 76.4 77.2 67.7 75.7 

Male, n (%) 50.2 51.1 52.9 49.4 53.9 46.6 50.5 <0.001 

HCC Index, mean (SD), 
range 

1.3 (1.2), 
0.12-14.63 

1.2 (1.2), 
0.12-12.9 

1.13 (1.1), 
0.12-11.7 

1.3 (1.3), 
0.12-14.6 

1.2 (1.1), 
0.12-10.9 

1.44 (1.40), 
0.12-12.12 

1.3 (1.2), 
0.12-11.0 

<0.001 

Receipt of Diabetic Eye 
Screening, n (%) 

59.4 64.1 60.8 57.9 61.4 51.3 57.4 <0.001 

Non-Medicare 
(N=49,468) 

Age (years), mean (SD), 
range 

53.1 (10.4), 
18-75 

53.8 (10.5), 
18-75 

53.6 (9.9), 
18-75 

53 (10.2), 
18-75 

54.0 (10.0), 
18-75 

50.7 (10.7), 
18-75 

51.6 (10.8), 
18-75 

<0.001 

Age (years), n (%)         

  ≤ 54 47.5 44.2 45.6 48.2 44.7 57.2 54.1 <0.001 

  55-64 44.1 45.5 46.4 43.9 45.7 38.3 40.1 

  65-75 8.5 10.3 8.0 7.9 9.6 4.5 5.8 

Male, n (%) 52.9 55.6 57.7 51.8 57.5 42.6 54.9 <0.001 
HCC Index, mean (SD), 
range 

0.81 (0.82), 
0.12-14.07 

0.75 (0.74), 
0.12-11.4 

0.73 (0.74), 
0.12-11.3 

0.82 (0.84), 
0.12-14.1 

0.76 (0.7), 
0.12-8.8 

1.1 (1.0), 
0.12-10.5 

0.91 (0.86), 
0.12-7.5 

<0.001 

Receipt of Diabetic Eye 
Screening, n (%) 

45.4 50.3 43.1 43.3 46.4 38.1 45.9 <0.001 

 
Abbreviation: HCC – Hierarchical Condition Category 
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Supplemental Table 2. Characteristics of Adults with Diabetes in Wisconsin Included and 
Excluded from Analysis 
 

 Included 
(N=118,707) 

Excluded 
(N=20,689) 

Age, mean (SD), years, range 
60.8 (11.3), 

18-75 
58.5 (12.4), 

18-75 

Age Range (years), (%)   

  ≤ 54 25.6 31.5 

  55-64 26.1 27.2 

  65-75 48.2 41.4 

Male (%) 51.3 47.2 

Insurance Payer (%)   

  Commercial 30.9 33.5 

  Medicare 58.3 51.7 

  Medicaid 10.1 14.0 

  Other 0.6 0.9 

HCC Risk Score, mean (SD), range 
1.1 (1.1), 
0.12-14.7 

1.1 (1.1), 
0.12-14.6 

Receipt of Diabetic Eye Screening (%) 53.5 51.5 

 
Abbreviation: HCC – Hierarchical Condition Category 
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Supplemental Table 3. Adjusted* Predicted Probabilities, Odds Ratios, and 95% Confidence Intervals (CI) for the 
Relationships between Patient Characteristics and Diabetic Eye Screening Receipt for Medicare and Non-Medicare 
Populations (N=118,707) 
 

 Medicare (N=69,239) Non-Medicare (N=49,468) 

Characteristic 
Rural/Urban 

Rural/Urban 
+ Health System 

Rural/Urban 
Rural/Urban 

+ Health System 

Predicted 
Probability 

Odds 
Ratio 

95% CI 
Predicted 
Probability 

Odds 
Ratio 

95% CI 
Predicted 
Probability 

Odds 
Ratio 

95% CI 
Predicted 
Probability 

Odds 
Ratio 

95% CI 

Age Range, years             

  ≤ 54 45.6 Ref -- 43.4 Ref -- 40.4 Ref -- 40.1 Ref -- 

  55-64 49.9 1.18 (1.11, 1.26) 47.7 1.19 (1.12, 1.27) 48.1 1.37 (1.32, 1.42) 47.4 1.36 (1.31, 1.41) 

  65-75 62.2 1.98 (1.88, 2.08) 60.1 2.00 (1.90, 2.10) 51.7 1.59 (1.48, 1.70) 50.8 1.57 (1.46, 1.68) 

Sex             

  Male 49.9 Ref -- 47.8 Ref -- 44.3 Ref -- 43.6 Ref -- 

  Female 55.2 1.25 (1.22, 1.29) 53.1 1.26 (1.22, 1.30) 49.2 1.23 (1.18, 1.27) 48.6 1.24 (1.19, 1.28) 

HCC Risk Score -- 1.03 (1.02, 1.05) -- 1.04 (1.03, 1.05) -- 1.12 (1.09, 1.14) -- 1.13 (1.10, 1.15) 

 
* Models are adjusted for age, sex, chronic conditions (i.e. HCC risk score), and where noted for health system (i.e. single variable representing each of the 100 
largest health systems in the database) 
Abbreviation: HCC – Hierarchical Condition Category 
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