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ABSTRACT
Introduction  This study evaluates the association of 
multidimensional social determinants of health (SDoH) with 
non-adherence to diabetic retinopathy examinations.
Research design and methods  This was a post-hoc 
subgroup analysis of adults with diabetes in a prospective 
cohort study of enrollees in the Washington, DC Medicaid 
program. At study enrollment, participants were given a 
comprehensive SDoH survey based on the WHO SDoH 
model. Adherence to recommended dilated diabetic 
retinopathy examinations, as determined by qualifying 
Current Procedural Terminology codes in the insurance 
claims, was defined as having at least one eye examination 
in the 2-year period following study enrollment.
Results  Of the 8943 participants enrolled in the 
prospective study, 1492 (64% female, 91% non-Hispanic 
Black) were included in this post-hoc subgroup analysis. 
47.7% (n=712) were adherent to the recommended 
biennial diabetic eye examinations. Not having a regular 
provider (eg, a primary care physician) and having poor 
housing conditions (eg, overcrowded, inadequate heating) 
were associated with decreased odds of adherence to 
diabetic eye examinations (0.45 (95% CI 0.31 to 0.64) and 
0.70 (95% CI 0.53 to 0.94), respectively) in the multivariate 
logistic regression analysis controlling for age, sex, race/
ethnicity, overall health status using the Chronic Disability 
Payment System, diabetes severity using the Diabetes 
Complications Severity Index, history of eye disease, and 
history of diabetic eye disease treatment.
Conclusions  A multidimensional evaluation of SDoH 
revealed barriers that impact adherence to diabetic 
retinopathy examinations. Having poor housing conditions 
and not having a regular provider were associated with 
poor adherence. A brief SDoH assessment could be 
incorporated into routine clinical care to identify social 
risks and connect patients with the necessary resources 
to improve adherence to diabetic retinopathy examinations.

INTRODUCTION
Diabetic retinopathy is a major cause of visual 
impairment and blindness among adults in 
the USA, with a rising prevalence paralleling 
the increase in diabetes mellitus.1–3 Vision loss 
from diabetic retinopathy is preventable but 
necessitates regular screening and follow-up.4 
Early detection and prompt intervention 
for the vision-threatening complications 
of diabetic retinopathy, including diabetic 

macular edema and proliferative diabetic 
retinopathy, with intravitreal injections 
of anti-vascular endothelial growth factor 
agents or panretinal photocoagulation can 
result in more than 90% reduction in blind-
ness.5 Despite national recommendations for 
annual or biennial dilated comprehensive 
diabetic retinopathy examinations, patient 
adherence to guidelines is only 15%–77%.6–8 
Diabetic retinopathy examination rates are 
particularly low in vulnerable populations, 
including racial and ethnic minority groups 
and low-income adults, highlighting the 
health disparities that exist in diabetic reti-
nopathy care.9–11

Evidence suggests that social determinants 
of health (SDoH), the conditions in which 
people live, work, and play, have a tremen-
dous impact on health and healthcare behav-
iors and underlie much of the observed 
health disparities.12 SDoH is a multidimen-
sional construct in which structural deter-
minants (eg, socioeconomic status) operate 
through intermediary determinants (mate-
rial circumstances, behavioral factors, and 

Significance of this study

What is already known about this subject?
►► Vision loss from diabetes can be prevented through 
early screening and regular follow-up for timely in-
tervention and prompt treatment.

►► Adherence to diabetic retinopathy examinations is 
impacted by social determinants of health.

What are the new findings?
►► A multidimensional evaluation of social determinants 
of health identified novel associations with poor ad-
herence to diabetic retinopathy examinations, hav-
ing poor housing and not having a regular provider.

How might these results change the focus of 
research or clinical practice?

►► Evaluating and addressing social determinants of 
health should be built into routine clinical diabetic 
retinopathy examinations to promote adherence.
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psychosocial factors) to shape health.12 13 Understanding 
the SDoH that are critical to adherence to diabetic reti-
nopathy examinations requires a comprehensive evalu-
ation of multidimensional determinants.12 14 To date, 
there has been limited literature evaluating multidi-
mensional SDoH relevant to diabetic retinopathy care. 
Existing studies of adherence to diabetic retinopathy 
examination guidelines have largely focused on socio-
economic status and access to healthcare.11 15–17 There 
has been little attention to other important interme-
diary determinants, for example housing conditions and 
stability, in the context of adherence to diabetic retinop-
athy examinations.18 19 Only by evaluating multiple deter-
minants simultaneously can the most impactful SDoH be 
determined. Understanding the most impactful SDoH 
can help guide future interventions to address SDoH 
and promote adherence. The objective of this study is 
to identify the most important determinants, out of a 
broad multidimensional evaluation of SDoH, of adher-
ence to diabetic retinopathy examinations in a sample of 
Medicaid beneficiaries in Washington, DC.

METHODS
Subjects
This was a post-hoc subgroup analysis of a prospective 
cohort study. The details of the prospective study design 
are described in detail elsewhere.20 In brief, English-
speaking adult patients between 18 and 64 years of 
age insured by the Washington, DC Medicaid program 
were screened for eligibility from September 2017 to 
December 2018 at an emergency department or a clinic 
affiliated with one of two Washington, DC hospitals. 
English-speaking patients were enrolled since the survey 
was only available in English. Patients were excluded if 
they were unable or unwilling to provide consent or were 
concurrently enrolled in Medicare. The upper age limit 
of 64 years was chosen since enrollment in Medicare starts 
at the age of 65. Research assistants completed a face-
to-face 35-item SDoH questionnaire with each eligible 
participant at study enrollment. All participants’ adjudi-
cated Medicaid claims for 2 years before and 2 years after 
the study enrollment date were obtained and linked to 
the SDoH questionnaire.

For the present post-hoc study, the subsample of adult 
patients with type 2 diabetes mellitus diagnosed in the 
2-year pre-study enrollment claims was analyzed. Patients 
were identified based on the International Classification 
of Diseases version 10 codes associated with inpatient or 
outpatient encounters and outpatient medications for 
type 2 diabetes (online supplemental table 1). Patients 
with type 1 diabetes mellitus were excluded from this 
post-hoc analysis because this population has different 
screening recommendations4 21 (online supplemental 
table 1). Patients with type 1 diabetes are recommended 
to obtain screening diabetic eye examinations 5 years 
after onset of diabetes, while recommended screening is 
at the time of diagnosis for patients with type 2 diabetes. 

With only 2 years of pre-study enrollment claims and 
unknown date of diabetes diagnosis, we cannot verify that 
a patient with type 1 diabetes meets the recommendation 
for a diabetic eye examination. As such, the decision was 
made to exclude patients with type 1 diabetes.

SDoH questionnaire
The SDoH questionnaire was based on the World Health 
Organization (WHO) conceptual framework for social 
determinants.12 It used validated survey questions and 
took about 10 min to complete.20 Structural determi-
nants included questions on the highest level of educa-
tion achieved and employment status (working full-time, 
working part-time, or not working). Intermediary 
determinants included questions on material circum-
stances, behavioral factors, and psychosocial factors. 
Material circumstances included food security, finan-
cial strain (trouble paying phone bill, utilities, or rent/
mortgage), internet access at home, access to a car for 
medical appointments, and housing. We evaluated type 
of housing (house, apartment, single room, mobile 
home, shelter, hotel or motel, or homeless), duration 
of housing, housing conditions (which include over-
crowded, inadequate heating, rodents or bug infested, 
plumbing problems/water leaks, front door does not 
lock, mold, broken/boarded up windows, or other), and 
housing stability. Behavioral factors included questions 
on having a regular doctor (eg, for annual physicals), 
smoking status, alcohol consumption, illicit drug use, 
and exercise. Finally, psychosocial factors included social 
support and loneliness, marital status, domestic partner 
violence, and history of incarceration.

Outcome
The 2-year post-study enrollment claims were examined 
for adherence to the recommended annual or bien-
nial diabetic eye examinations.4 Eye examinations were 
based on the presence of qualifying Current Procedural 
Terminology codes6 7 (online supplemental table 1). The 
primary outcome was adherence to biennial diabetic eye 
examinations, defined as the presence of at least one eye 
examination in the 2-year post-study enrollment period. 
The secondary outcome used for sensitivity analysis was 
adherence to annual diabetic eye examinations, defined 
as the presence of at least two eye examinations separated 
by at least 10 months in the 2-year post-study enrollment 
period.

Statistical analysis
All SDoH variables were treated as categorical vari-
ables and dichotomized for analysis.20 Missing SDoH 
elements were minimal and ranged 0%–0.6% for each 
of the 35-item questions. We used multiple imputation 
by chained equations and assumed missing at random to 
impute the missing dichotomous values for each item. 
Pearson’s χ2 test was used to compare categorical variables 
and analysis of variance for continuous variables. Logistic 
regression analysis was used to measure the strength of 
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association for each of the SDoH elements, controlling 
for baseline age (divided into categories of 18–34, 35–54, 
and 55+ for ease of comparison), sex, self-reported race/
ethnicity (non-Hispanic black, non-Hispanic white, 
Latino or Hispanic, other), Chronic Disability Payment 
System (CDPS) score, history of eye disease, history of 
diabetic eye disease treatment, and Diabetes Complica-
tions Severity Index (DCSI).

The CDPS score, history of eye disease, history of 
diabetic eye disease treatment, and DCSI were derived 
from the 2-year pre-study enrollment claims data. The 
CDPS score is a risk adjustment measure developed for 
the Medicaid population representing the overall health 
of the beneficiary in which higher scores represent sicker 
patients.22 Diagnoses and pharmaceutical codes are 
mapped to major disease categories and the total CDPS 
score is calculated as the weighted sum of each cate-
gory.20 22 History of eye disease is a binary variable in which 
presence of any eye condition not including diabetic reti-
nopathy (eg, cataracts, glaucoma) in the 2-year pre-study 
enrollment claims data was noted (online supplemental 
table 1). History of diabetic eye disease treatment is a 
binary variable in which the presence of any intravitreal 
injections, focal laser, or panretinal photocoagulation 
to treat the complications of diabetic macular edema 
or proliferative diabetic retinopathy was noted (online 
supplemental table 1). The DCSI is a scoring system 
for diabetes complications based on the presence and 
severity of complications in seven body systems.23 The 
DCSI has a possible range of 0–13, with a higher score 
connoting more diabetic complications involving seven 
possible categories (retinopathy, nephropathy, neurop-
athy, cerebrovascular, cardiovascular, peripheral vascular 
disease, and metabolic). These covariates were chosen 
because they have been associated with adherence to 
diabetic retinopathy examinations in other studies.6 7 11

A final multivariate logistic regression model was 
constructed in a forward stepwise fashion by sequentially 
adding to the baseline model SDoH regressors that were 

statistically significant in χ2 test. Statistical significance 
was set at p≤0.05. We conducted a post-hoc power anal-
ysis comparing the difference in the prevalence of SDoH 
factors by adherence given our sample size. We had 
adequate power (ie, 80% or greater) to detect a differ-
ence of  >5% in the adherence rate if the SDoH factor 
was relatively rare (ie, ≤10%) and could detect a differ-
ence of  >7% in adherence rate if the SDoH factor was 
more prevalent (ie,  ≥20%). All statistical analyses were 
performed in SAS/STAT software (V.9.4 of the SAS 
system for Windows).

RESULTS
During the 16-month enrollment period, 17 719 patients 
were screened and 12 346 were identified as eligible 
for the original prospective study. Among the eligible 
patients, 3403 were unable or unwilling to participate 
in the study (79%) or had completed their medical visit 
before the research assistant was able to approach them 
(21%). Of the 8943 participants ultimately enrolled in 
the prospective study, 1492 had type 2 diabetes and were 
included in this post-hoc analysis. We excluded 27 partici-
pants who had type 1 diabetes. The mean age was 49 years 
(range 18–68). Majority of the participants were women 
(64% female, n=955) and 91% (n=1363) self-identified 
as non-Hispanic black. The average CDPS score was 8.7 
(95% CI 8.33 to 9.08). Of the participants, 45% (n=678) 
had a history of eye disease in the 2-year pre-study enroll-
ment period and 2.4% (n=36) had a history of diabetic 
eye disease treatment. The average DCSI score was 2.43 
(95% CI 2.33 to 2.53) (table 1).

Adherence was met by 47.7% (n=712) of participants 
who had at least one eye examination in the 2-year post-
study enrollment period. Only 17% (n=254) of partici-
pants met the more stringent definition of adherence 
with at least two examinations during this period. Table 2 
shows the distribution of adherence to diabetic eye 
examinations by each individual SDoH factor. In logistic 

Table 1  Distribution of sociodemographic characteristics of the population with diabetes by eye examination status

Characteristics

Eye examination during 2-year poststudy enrollment period

Yes (n=712) No (n=780) P value

Mean age (SD) 50.13 (0.95) 48.35 (10.66) 0.0008

Female sex, n (%) 534 (68) 421 (59) 0.0002

Non-Hispanic black, n (%) 710 (91) 653 (92) 0.6368

Chronic Disability Payment System score, n (%) 0.005

 � First tertile (healthiest) 252 (32) 245 (34)

 � Second tertile 289 (37) 209 (29)

 � Third tertile (sickest) 239 (31) 258 (36)

DCSI score (SD) 2.51 (2.37) 2.34 (2.35) 0.1816

History of eye disease, n (%) 448 (57) 230 (32) <0.0001

History of diabetic eye disease treatment, n (%) 28 (4) 8 (1) 0.0019

DCSI, Diabetes Complications Severity Index; SD, Standard Deviation.
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regression modeling of each individual SDoH controlling 
for age, gender, race/ethnicity, CDPS score, history of 
eye disease, history of diabetic eye disease treatment, and 
DCSI score, only two SDoH factors significantly predicted 
adherence to diabetic eye examinations. Participants 
who reported that they did not have a regular doctor 
that they saw had 55% lower odds of being adherent to 
diabetic eye examinations (OR 0.45, 95% CI 0.31 to 0.64, 
p<0.05). Participants who reported having poor housing 
conditions (eg, overcrowded, inadequate heating) had 
30% lower odds of adherence to diabetic eye examina-
tions (OR 0.70, 95% CI 0.53 to 0.94, p<0.05). In the final 

multivariate model, which included SDoH regressors 
that were significant in the χ2 test, not having a regular 
provider and having poor housing conditions continued 
to predict non-adherence to diabetic eye examinations 
(table 3).

Sensitivity analyses were performed using the more 
stringent definition of adherence with two eye examina-
tions in the 2-year poststudy enrollment period and the 
results were qualitatively similar. In the final multivariate 
model, not having a regular provider again decreased 
the odds of adherence to diabetic eye examinations (OR 
0.47, 95% CI 0.24 to 0.83, p<0.05). Living with children 

Table 2  Distribution of structural and intermediary social determinants of health by diabetic eye examination status

Social determinant of health

Eye examination during 2-year poststudy enrollment period

Yes (n=712)
n (%)

No (n=780)
n (%) P value

Structural determinants

 � No high school degree/general educational 
development certification or higher

188 (24) 173 (24) 0.9299

 � Not working (part-time or full-time) 509 (65) 464 (65) 0.9716

Intermediary: social

 � Single/separated/divorced/widowed 650 (83) 615 (86) 0.1021

 � Living with children 290 (37) 262 (37) 0.8788

 � History of abusive relationship 245 (31) 231 (32) 0.6688

 � History of being in jail or prison 246 (32) 278 (39) 0.0024

 � Feeling lonely (good bit/most/all of the time) 153 (20) 155 (22) 0.3045

Intermediary: health behaviors

 � No regular doctor for health needs 53 (7) 105 (15) <0.0001

 � Current smoker (daily or less than daily) 301 (39) 309 (43) 0.0591

 � Drinks alcohol (male >14 drinks/week; female >7 
drinks/week)

26 (3) 32 (4) 0.2465

 � Illicit drugs (not including marijuana) 24 (3) 41 (6) 0.0113

 � Less physical activity 344 (44) 331 (46) 0.355

Intermediary: financial strain

 � Trouble paying phone bill 614 (79) 557 (78) 0.8189

 � Trouble paying utilities 547 (70) 512 (72) 0.4488

 � Trouble paying rent/mortgage 591 (76) 550 (77) 0.5014

Social determinant of health

Eye examination during 2-year poststudy enrollment period

Yes (n=712)
n (%)

No (n=780)
n (%) P value

Intermediary: material resources

 � No access to car for medical appointments 424 (54) 398 (56) 0.5503

 � Limited to no internet access 112 (14) 112 (16) 0.4589

 � Food insecure 282 (36) 244 (34) 0.4467

Intermediary: housing

 � Does not live in a house or apartment 77 (10) 77 (11) 0.5499

 � Poor housing conditions 115 (15) 134 (19) 0.0349

 � Housing instability 190 (24) 198 (28) 0.1292

 � Living in same residence for <1 year 101 (13) 92 (13) 0.9874
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was associated with decreased odds of examinations (OR 
0.71, 95% CI 0.51 to 0.99, p<0.05), while poor housing 
condition was not associated.

DISCUSSION
This indepth examination of multidimensional SDoH 
in a low-income, non-Hispanic black Medicaid popu-
lation highlights the important role that SDoH play in 
impacting adherence to diabetic retinopathy examina-
tions. Even after eliminating cost as a barrier, one of the 
most commonly reported reasons for not receiving eye 
care,10 24 several SDoH factors emerged as significant 
predictors of adherence. Our two main findings are that 
(1) regular healthcare providers, such as primary care 
doctors, family care doctors, or general practitioners, 
have an important role in promoting adherence to 
diabetic retinopathy examinations, and that (2) patients 
who have poor housing conditions can have decreased 
adherence to diabetic retinopathy examinations. These 
associations suggest possible targets for hospital or 
community-based interventions to promote diabetic reti-
nopathy examinations.

The rates of diabetic retinopathy examinations in our 
population, 48% using the biennial definition and 17% 
using the annual definition, are largely consistent with 
other reported rates in the literature, which range from 
15% to 77%.6–8 It is as high as 70%–77% by national 
surveys and integrated healthcare systems.24–26 In the 
Medicare population, adherence ranges from 25% to 
60% when defined as one eye examination in a 15-month 
period.6 7 9 In a predominantly low-income African 
American population with diabetes in Alabama, diabetic 

retinopathy examination screening rate was about 30%.27 
In an urban Hispanic population with diabetes in Los 
Angeles, 35% had eye examinations within the previous 
12 months.28 In an urban Medicaid population in the 
mid-Atlantic, similar to our study, the adherence rate was 
46% for annual examinations. The lowest rates of adher-
ence were reported by Benoit and colleagues8 using the 
IBM MarketScan Research Database. The authors report 
only 15% of patients with type 2 diabetes without diabetic 
retinopathy and 51% with diabetic retinopathy met the 
annual or biennial eye examination recommendation, 
compared with 42% and 58%, respectively, in our popu-
lation. It is difficult to compare rates of eye examinations 
between studies due to differences in the underlying 
population and varying definitions of ‘adherence’. What 
is clear, however, is that the rate of diabetic retinopathy 
examinations for most populations, including ours, 
continue to fall short of the Healthy People 2030 goal of 
67.6%.29 The Healthy People initiative is a set of science-
based objectives released by the US Department of 
Health and Human Services designed to guide national 
health promotion by setting targets to monitor and moti-
vate progress.30

Evaluating and addressing SDoH are potential means 
to improve adherence to diabetic retinopathy examina-
tions. Our study found decreased adherence in those 
without regular healthcare providers, who had poor 
housing conditions, and were living with children. 
Regular healthcare providers, including primary care 
physicians, play a central role in coordination of care and 
promoting adherence to diabetes guidelines, including 
diabetic retinopathy examinations.31 Not surprisingly, 
patients who responded that they “have a regular doctor 
that [they] see” had increased odds of being adherent 
to diabetic retinopathy examinations, using both the 
primary outcome and in the sensitivity analyses. Strategies 
aimed at decreasing barriers in the referral process to eye 
care and improving communication between ophthal-
mologists and primary care physicians are effective in 
increasing eye examination rates.32 33 Future hospital-
based interventions could focus on further improving 
this connection.

Having poor housing conditions has not been previ-
ously associated with adherence to diabetic eye examina-
tions. Multiple mechanisms could explain this association. 
Poor housing conditions could be a general indicator of 
poverty. Living in overcrowded conditions is a precursor 
to homelessness and can make it difficult to attend 
preventive services and perform self-care.13 18 19 The 
physical aspects of where people live, or the built envi-
ronment, can influence physical activity, walkability, and 
transportation to access healthcare.34 35 The association 
of poor housing conditions with adherence to diabetic 
eye examinations adds to the expanding literature on the 
critical role of housing in health. It is unknown why poor 
housing condition was not associated with adherence in 
sensitivity analyses. In the univariate model, poor housing 
conditions had a borderline association (OR 0.72, 95% 

Table 3  Adjusted OR of having an eye examination in the 
2-year poststudy enrollment period

Characteristics OR (95% CI) P value

Age (18–34*)

 � 35–54 1.58 (1.11 to 2.26) 0.0119

 � 55+ 1.68 (1.15 to 2.46) 0.0073

Female sex (male) 1.54 (1.22 to 1.93) 0.0002

Non-Hispanic black (no) 0.88 (0.60 to 1.30) 0.5273

CDPS (first tertile: healthiest)

 � Second tertile 1.12 (0.86 to 1.48) 0.4016

 � Third tertile (sickest) 0.69 (0.50 to 0.96) 0.0274

DCSI score 1.01 (0.95 to 1.07) 0.7566

History of eye disease (no) 2.79 (2.23 to 3.49) <0.0001

History of diabetic eye 
disease treatment (no)

2.19 (1.00 to 5.35) 0.0642

No regular doctor for health 
needs (has)

0.45 (0.31 to 0.64) <0.0001

Poor housing conditions (no) 0.70 (0.53 to 0.94) 0.0176

*Reference group for each variable is detailed in parentheses.
CDPS, Chronic Disability Payment System; DCSI, Diabetes 
Complications Severity Index.
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CI 0.47 to 1.10, p=0.13) with decreased adherence to eye 
examinations that was not statistically significant. It could 
be that poor housing is an important SDoH but not the 
most important one, or that there could be fluctuations 
in the data due to sample size. Lastly, living with children 
also showed decreased odds of eye examinations in the 
sensitivity analyses. The cohort living with children in 
general were 7.5 years younger than those who were not. 
One possible explanation is that this cohort had added 
caregiving responsibilities that interfered with healthy 
behaviors and follow-up.36

It is unknown why the other SDoH were not associated 
with adherence to diabetic retinopathy examinations. 
For example, not having a high school degree has been 
previously associated with increased non-adherence 
to diabetic retinopathy examination, but not in our 
study.37 It could be that in the context of multiple SDoH, 
structural determinants including education are not as 
significant as intermediary determinants. Another possi-
bility could be a combination of the sample size and the 
number of patients with social adversities. In this cohort, 
34% of the population had very few social risks and were 
largely employed; only 12% had the most social risks 
and were unemployed, and the majority of patients fell 
somewhere in between.20 Financial strain can impact 
adherence to diabetic retinopathy examination but our 
study did not find this association.24 It could also be that 
having insurance supersedes other measures of financial 
strain by eliminating the financial barrier to diabetic reti-
nopathy examinations. We also found a lower adherence 
among younger male patients with type 2 diabetes, which 
is consistent with other studies.25 37 Other studies have 
found an association of race/ethnicity with adherence 
to diabetic retinopathy examinations, while our study 
did not.11 37 38 A key difference is that our study was in 
a largely homogenous population of 91% black persons; 
thus, there was not enough heterogeneity to delineate the 
role of race/ethnicity. In addition, race/ethnicity is often 
used as a surrogate for socioeconomic status, whereas this 
is a relatively homogenous group of low-income adults.

Although most experts agree that SDoH underlie health 
outcomes, there is little consensus on how they should 
be assessed and incorporated into routine clinical care. 
There is a wide variety of published tools and guidelines 
that emphasize different aspects of SDoH.39–42 There is 
no consensus on a specific set of factors defining SDoH 
and there is a lack of standardized nomenclature across 
the field, but what is clear is that SDoH is a multidimen-
sional construct.12 13 43 44 Existing literature examining 
SDoH in diabetic retinopathy care has predominantly 
focused on socioeconomic status and access to health-
care and has not assessed other dimensions of SDoH. 
By evaluating multiple determinants, even in our brief 
10 min survey, we were able to highlight novel associa-
tions between SDoH and adherence to diabetic retinop-
athy examinations. An evaluation of multidimensional 
SDoH could be incorporated into routine clinical 
diabetic retinopathy examinations. For example, initial 

screening questions could include elements such as not 
having a primary care physician or poor housing condi-
tions that subsequently lead into further questions and 
evaluations. Ultimately, addressing these SDoH and 
connecting patients to needed services could lead to 
improved patient adherence to eye examinations. More 
work is needed to identify the precise list of multidimen-
sional SDoH that are relevant for adherence to diabetic 
retinopathy examinations and the best methodology to 
screen for them.

This study has a number of limitations. The results 
of this study are not generalizable as the cohort is not 
a representative sample of Medicaid beneficiaries. We 
enrolled a group of individuals who were already seeking 
treatment. The Washington, DC Medicaid program has 
an expansive eligibility criteria and covered services; 
thus, the enrollees in the Washington, DC Medicaid 
program might not be reflective of populations enrolled 
in other state Medicaid programs. The accuracy of our 
definition of type 2 diabetes is unknown. It is possible 
that our population also erroneously included some 
individuals with type 1 diabetes, although only 8% of 
our population are dual-coded with type 1 diabetes. 
Individuals with type 1 diabetes are also recommended 
to receive screening diabetic eye examinations, but the 
guidelines are different from those with type 2 diabetes.4 
Administrative claims data are not always accurate for 
clinical diagnoses and examinations since coding prac-
tices may vary by healthcare provider. Although we used 
previously published cohort and outcome definitions, we 
could be overestimating adherence to eye examinations 
if dilation was not performed at these office visits. The 
definition of adherence also varies in the published liter-
ature. Recommendations for frequency of eye examina-
tions depend on the severity of retinopathy and presence 
of diabetic macular edema, but that level of granularity 
is not reliably captured in the claims data used in this 
analysis.45 Thus, the definitions of adherence used for 
this study reflect the most general recommendations of 
examinations every 1–2 years.4 Altering the definition 
of compliance can drastically change associations, but 
we were able to show robust findings even in sensitivity 
analyses.9 Lastly, knowledge of diabetic retinopathy and 
visual impairment from eye disease improves adherence 
to eye examinations, but these ophthalmic-specific char-
acteristics were not measured in this study and could be 
confounders.24

In conclusion, evaluating and addressing multidi-
mensional SDoH are critical components of promoting 
adherence to diabetic retinopathy examinations and 
improving health outcomes. Our study confirms the 
previous finding that having a regular provider impacts 
adherence to diabetic retinopathy examinations and has 
identified poor housing conditions as a novel association 
that warrants further investigation. Future interventions 
can focus on these important determinants to improve 
adherence and eliminate health disparities in diabetic 
retinopathy care.
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