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Purpose: To determine the association(s) between receiving an annual eye exam and various economic, social, and geographic factors
assessed in the 2019 National Health Interview Survey (NHIS) among adults with diabetes.

Patients and Methods: Data from adults 18 years of age and older relevant to self-reported non-gestational diabetes diagnosis and
eye exam within the last 12 months were extracted from the 2019 NHIS dataset. A multivariate logistic regression model was used to
determine associations between receiving an eye exam in the preceding 12 months and various economic, insurance-related,
geographic, and social factors. Outcomes were reported as odds ratios (OR) with 95% confidence intervals (CI).

Results: Among diabetic adults in the US, receiving an eye exam within the last 12 months was significantly associated with female
sex (OR 1.29; 95% CI 1.05-1.58), residence in the Midwestern United States (OR 1.39; 95% CI 1.01-1.92), use of Veteran’s Health
Administration healthcare (OR 2.15; 95% CI 1.34-3.44), having a usual place to go for healthcare (OR 3.89; 95% CI 2.16-7.01), and
the use of Private, Medicare Advantage, or other insurance (OR 3.66; 95% CI 2.42-5.53), use of Medicare only excluding Medicare
Advantage (OR 3.18; 95% CI 1.95-5.30), dual eligibility for Medicare and Medicaid (OR 3.88; 95% CI 2.21-6.79), and use of
Medicaid and other public health insurance (OR 3.04; 95% CI 1.89—4.88) compared to those without insurance. An educational
attainment of less than high school (OR 0.66; 95% CI 0.48-0.92), and an educational attainment of high school or GED without any
college (OR 0.62; 95% CI 0.47-0.81) reduced the odds of having an annual eye exam.

Conclusion: Economic, social, and geographic factors are associated with diabetic adults receiving an annual eye exam.
Keywords: diabetic retinopathy, insurance, high deductible health plan, veteran, social determinants of health, preventative health

Introduction
The prevalence of diabetes worldwide and in the United States is on the rise.! In 2019, 28.7 million people in the United
States—or 8.7% of the US population—had diagnosed diabetes mellitus and an additional 8.5 million people were
estimated to have undiagnosed diabetes.” Diabetic retinopathy (DR) is a common ocular complication of diabetes and the
leading cause of new cases of blindness among adults aged 18—64 years in the United States.®> About one in three people
living with diabetes has some degree of diabetic retinopathy and one in ten will develop a vision-threatening form of the
disease with these numbers expected to increase in the coming years.'* Minority Americans, rural Americans, and low-
income adults have higher rates of DR and are less likely to receive regular screening exams than their non-minority and
wealthier counterparts.” '

A routine annual eye exam to detect early DR and consequent treatment could prevent 90% of vision loss caused by
diabetes.'®'” For this reason, the American Academy of Ophthalmology (AAO) recommends that all individuals with
diagnosed diabetes receive annual dilated eye exams, and the American Diabetes Association (ADA) recommends

screenings minimally once every other year if there is no sign of retinopathy and glycemia is well controlled.'®'? Yet,
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studies have reported that between 23% and 65% of patients with diabetes are not receiving guideline-concordant
care.''?%23 Further, the proportion of Americans with diabetes who receive an annual dilated eye exam has not changed
between 2005 and 2016.%* The US Department of Health and Human Services has identified increasing the proportion of
adults with diabetes who have a yearly eye exam as a national public health objective in its Healthy People 2030
Report.26

Various factors are associated with receiving guideline-concordant annual eye exam screenings including insurance
coverage, higher educational attainment, older age, good glycemic control, presence of vision symptoms, participation in
a cohesive diabetes control program, living in urban centers, and having a regular primary care provider.®'>20739
Those with high deductible health plans (HDHPs) are more likely to have poor management of their diabetes, attend
fewer primary care appointments, and delay intervention for complications.***' In 2019, HDHPs were defined by the
Internal Revenue Service (IRS) as insurance plans with an annual deductible of >$1350 for an individual or >$2700 for
two or more persons.42

The aim of this paper is to assess various insurance-related, geographic, and social factors (also commonly referred to
as social determinants of health (SDH)) of adults with self-reported non-gestational diabetes diagnoses who received an
eye exam in the preceding 12 months using data collected in the 2019 National Health Interview Survey (NHIS).
Currently published studies have not used a nationally representative sample to examine correlations between HDHPs
and receiving guideline-concordant DR screening or used national data to evaluate geographically where the need for
improved interventions is highest. We seek to describe characteristics that differentiate individuals receiving guideline-
concordant screenings and those that are not based on insurance type (including HDHPs), regional geography, key
measurements of the social determinants of health, and other demographic factors in this nationally representative
sample. This information can be used to tailor national interventions designed to increase the proportion of adults with
diabetes who receive guideline concordant diabetic retinopathy screenings.

Materials and Methods

The National Health Interview Survey (NHIS) is a large-scale household interview survey coordinated through the
National Center of Health Statistics (NCHS) under the auspices of the Centers for Disease Control and Prevention (CDC)
and was the primary source of information for this study. The survey has been conducted annually since 1957 and
involves a statistically representative sample of the civilian non-institutionalized population of the United States. The
main objective of the NHIS is to monitor the health of the US population through the collection and analysis of data on
a broad range of health topics through household interviews. In 2019 the questionnaire structure was redesigned to
improve the measurement of covered health topics, reduce respondent burden by shortening the length of the ques-
tionnaire, and better synergize with other federal health surveys.*> The NHIS is comprised of sample adult and sample
child surveys which consist of four components: the annual core, rotating core, sponsored content (sustaining and
periodic), and emerging topics. Annual core is content that is included in the NHIS every year. Rotating core is scheduled
to appear on a periodic basis of every other year, one out of every three years, or two out of every three years. Sponsored
content includes questions that are funded by other agencies and are included when funding is provided. Sustaining
sponsors fund content every year, whereas other sponsors fund content periodically. Finally, emerging content is new
content that is sponsored by NCHS on emerging topics. More information on the 2019 redesign of the NHIS can be
found on the CDC website.*> Extensive documentation, questionnaires and code books are available on-line from
the CDC.

All methods adhered to the tenets of the Declaration of Helsinki. The de-identified, publicly available NHIS data does
not constitute human subjects research as defined at 45 CFR 46.102 and thus this study was considered exempt by the
Northwestern University Institutional Review Board. The study population consisted of 31,997 adults, ages 18 and over.
These interviewed adults represent an unweighted national sample. Statistical Analysis Software 9.3 (Proc Survey) have
been developed that calculate the population estimate based on sample weights, strata, and cluster information.

The comprehensive 2019 NHIS survey of 31,997 adults interviewed was narrowed to the subset of 3355 adults who
responded “yes” to the question “Not including (gestational diabetes, prediabetes), has a doctor or other health
professional EVER told you that you had diabetes?” Those responding “yes” includes all adults within the sample
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who self-report type I and type II diabetes. This group of 3355 adults represents the study population. The outcome of
interest was receiving an annual eye exam in the preceding 12 months as indicated by a response of “yes” to the question
“During the past 12 months, have you had an eye exam from an eye specialist such as an optometrist, ophthalmologist, or
eye doctor?” The factors of association selected for this analysis were based on previously reported metrics associated
with receiving guideline-concordant annual vision screenings for diabetic adults and the Healthy People 2030 approach
to the social determinants of health.**

For those 65 years and older, medical insurance status was stratified as private, dual eligible, Medicare Advantage,
Medicare only excluding Medicare Advantage, uninsured, or other. For those under age 65, insurance status was stratified
as private, Medicaid and other public, uninsured, or other. In a separate analysis, those with Medicaid and private health
insurance plans with deductibles were grouped into those with plans qualifying as high deductible health plans (>$1350
for an individual or >$2700 for two or more persons) and those that do not.

Geographic location was divided by region (Northeast, Midwest, South, or West). Respondents were classified along
an urban-rural continuum based on county of residence (large central metro, large fringe metro, medium and small metro,
or nonmetropolitan).

A previous study has shown that patients receiving diabetes care at a Veteran’s Health Administration funded hospital
are more likely to receive annual DR screenings.** Use of VA healthcare was measured by self-reported care received at
a Veteran’s Health Administration facility or health care paid for by the VA.

Since the variables within the NHIS are not always congruent with the established five domains of the SDH, a review
of the available literature was used to select variables that best aligned with several of the SDH domains. Economic
stability (income, inability to pay medical bills, eating less than needed due to financial strain), education access and
quality (completion of high school), and health care access and quality (established regular place of care) were the three
domains assessed in our study.”®***® Two of the domains of the SDH, neighborhood and built environment and social
and community context, were not analyzed in this study as no questions within the 2019 NHIS assessed these domains.

An inability to pay medical bills and eating less than needed due to cost were the two variables used to assess the
“economic stability” domain of the SDH. We selected these two variables to measure economic stability rather than
a purely income-based analysis as income level itself does not necessarily correlate to overall financial stability given
variability in expenses due to family size, life stage, and geographic location.

Statistical Analysis

Table 1 represents bivariate comparisons of select independent variables (P<0.05) among the study population comparing
those who received an eye exam in the last 12 months and those who did not receive an eye exam in the last 12 months.
According to the instructions published with the 2019 NHIS, sampling weights were used to produce representative
national estimates for the study population.** Information regarding the proper use of the survey data files and weighting
is available in the annual survey description documents by data year.*’

We used a multivariate logistic regression model that controlled for age, sex, race (white, black, Asian and other),
ethnicity (Hispanic and non-Hispanic), and co-morbidities. Odds ratios (OR) and 95% CI statistical analyses were
generated with Statistical (SAS) Version 9.3, SAS Institute Inc. Cary, NC using proc survey logistic and survey means to
account for NHIS specific weights and strata. To minimize multicollinearity, we examined the variance inflation factors
(VIF). VIF is used to measure how much of the variance of an estimated regression coefficient increases in the event of
high correlation between two or more independent variables. The VIF were generated using the proc reg command in
SAS to assess for multicollinearity in the regression analysis.

Results

Table 1 shows the demographic characteristics of the 3355 surveyed adults (representing a national estimate of
23,419,130 individuals) who have self-reported type 1 and type 2 diabetes split by those who did and did not have an
eye exam in the prior 12-months and indicates that various sociodemographic, insurance, geographic, and select social
determinants of health were statistically different between these two groups. In 2019, 2470 individuals within the study
population of 3355 (73.62%) received an eye exam in the previous 12 months (Table 1).
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Table | Bivariate Analysis of US Adults Ages 18 Years and Older with Diabetes Diagnosis (Non-

Gestational) by Eye Exam in Last 12 Months

Eye Exam Within Last 12 Months All with Diabetes
Yes (%) No (%) Combined (%)
n/16,734,324 n/6,684,806 n/23,419,130
Age (yr)*
<50 14.73 27.61 18.41
50-64 35.66 37.67 36.23
65-74 27.45 21.71 25.81
>75 22.16 13.01 19.55
Sex*
Male 47.80 51.48 48.85
Female 52.20 48.52 5115
Insurance*
Private 49.25 44.32 47.85
Medicaid and other public 12.15 13.83 12.63
Medicare Advantage 12.80 7.96 11.42
Medicare only excluding Medicare Advantage 5.66 6.28 5.84
Dual eligible 5.87 4.78 5.56
Uninsured 3.68 13.96 6.61
Other or unknown 10.59 8.87 10.09
High deductible health plan (HDHP)* 12.94 11.60 12.56
Use of Veterans’ Affairs healthcare* 6.48 3.03 5.50
Geographic region*
West 20.20 22,04 20.72
South 42.54 45.41 4336
Midwest 20.83 17.78 19.97
Northeast 16.43 14.77 15.95
Urban-rural classification*
Non-metropolitan 18.13 21.40 19.06
Small metropolitan 30.34 32.18 30.86
Large fringe metropolitan 21.84 19.80 21.26
Large central metropolitan 29.69 26.62 28.82
Hispanic* 15.83 20.28 17.10
Race*
White 59.77 56.19 58.75
Black 15.86 13.62 15.22
Asian 5.57 6.20 5.75
NH AIAN 237 2.70 2.46
Other or unknown 16.43 21.29 17.82
Education*
<High school 21.67 26.79 23.12
High school grad or GED 27.74 3211 28.99
Some college/associates degree 30.56 26.97 29.54
College degree or higher 20.03 14.13 18.35
Income*
$0 - $34,999 35.68 4341 37.88
$35,000 - $49,999 16.70 16.35 16.60
$50,000 - $74,999 17.46 16.79 17.27
$75,000 - $99,999 10.39 10.75 10.50
$100,000+ 19.77 12.70 17.75
(Continued)
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Table | (Continued).
Eye Exam Within Last 12 Months All with Diabetes
Yes (%) No (%) Combined (%)
n/16,734,324 n/6,684,806 n/23,419,130
Unable to pay medical bills* 11.42 17.35 13.12
Eating less than needed due to cost* 7.13 9.94 793
Has a usual place to go for healthcare* 98.43 92.73 96.81
Notes: The study population for bivariate analysis was n=3355 (weighted n=23,419,130) sample adults with diabetes with n=2470
(weighted n=16,734,324) who received eye exams in the last 12 months. *P<0.05.
Abbreviation: NH AIAN, non-Hispanic American Indian or Alaska Native.
Table 2 Multivariate Logistic Regression for Eye Exam in Last 12 Months
for US Adults Ages 18 Years and Older with Diabetes (Non-Gestational)
Eye Exam, Past 12m
Yes (=1) No (=0)
Odds Ratio (95% CI)
Sex
Male Reference
Female* 1.29 (1.05-1.58)
Geographic region
West Reference
South 1.18 (0.88-1.57)
Midwest* 1.39 (1.01-1.92)
Northeast 1.17 (0.81-1.67)
Urban-rural classification
Large fringe metropolitan Reference
Non-metropolitan 0.81 (0.61-1.09)
Small metropolitan 0.86 (0.66—1.12)
Large central metropolitan 1.13 (0.85-1.51)
Use of Veterans’ Affairs healthcare* 2.15 (1.34-3.44)
Insurance
Uninsured Reference
Private, Medicare Advantage, and other* 3.66 (2.42-5.53)
Medicare only excluding Medicare Advantage* 3.18 (1.95-5.30)
Dual eligible* 3.88 (2.21-6.79)
Medicaid and other public* 3.04 (1.89—4.88)
Insurance (all ages)
High deductible health plan (HDHP) 0.92 (0.68-1.24)
Education
College degree or higher Reference
Some college/associates degree 0.83 (0.63-1.10)
High school grad or GED* 0.62 (0.47-0.81)
<High school* 0.66 (0.48-0.92)
Unable to pay medical bills 0.74 (0.55-1.01)
Eating less than needed due to cost 0.88 (0.59-1.29)
Has a usual place to go for healthcare* 3.89 (2.16-7.01)
Note: *P<0.05.
Abbreviation: GED, general educational development — a high school equivalency degree.
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Racial self-identity was colinear with several of our variables and not included in our final analysis. Thereafter, the VIF values
for our selected social determinant factors were less than 5, which demonstrated a lack of collinearity between the predictors.

Table 2 shows the results of the multivariate logistic regression model. The model found that receiving an eye exam
within the last 12 months was positively associated with female sex (OR 1.29; 95% CI 1.05-1.58), residence in the
Midwestern United States (OR 1.39; 95% CI 1.01-1.92), use of Veteran’s Health Administration healthcare (OR 2.15;
95% CI 1.34-3.44), having a usual place to go for healthcare (OR 3.89; 95% CI 2.16-7.01), and the use of Private,
Medicare Advantage, or other insurance (OR 3.66; 95% CI 2.42-5.53), use of Medicare only excluding Medicare
Advantage (OR 3.18; 95% CI 1.95-5.30), dual eligibility for Medicare and Medicaid (OR 3.88; 95% CI 2.21-6.79), and
use of Medicaid and other public health insurance (OR 3.04; 95% CI 1.89—4.88) compared to those without insurance.
Inversely, an educational attainment of less than high school (OR 0.66; 95% CI 0.48—0.92), and an educational attainment
of high school or GED without any college (OR 0.62; 95% CI 0.47-0.81) were associated with not receiving an eye exam
in the previous 12 months. Urban-rural classification of county of residence, use of HDHPs, inability to pay medical bills,
and eating less than needed due to cost were not significantly associated with receiving an eye exam in the last 12 months
among diabetic adults.

Discussion

Our study found a significant correlation between female sex and receiving an eye exam in the previous 12 months (OR
1.29; 95% CI 1.05-1.58). Previous research has drawn conflicting conclusions regarding the correlation of sex with
adherence to diabetic retinopathy screening guidelines.”** The findings of our study are marginally significant and
suggest that in 2019 women with diabetes were more likely to receive an eye exam than men with diabetes.

We also observed a significant correlation between receiving an eye exam in the previous 12 months and residence in
the Midwestern United States when compared to the Western, Northeastern, and Southeastern United States (OR 1.39;
95% CI 1.01-1.92). This effect was moderate. Given the strong ties between insurance coverage and likelihood of
receiving an eye exam in the previous 12 months, we anticipated that those residing in regions with higher rates of
Medicaid expansion (the Western and Northeastern United States) may have been more likely to receive an eye exam in
the previous 12 months, although our findings did not confirm this suspicion.

Interestingly, our study did not find any significant difference in receiving an eye exam in the previous 12 months
based on classification of county of residence as non-metropolitan, small metropolitan, large fringe metropolitan, or large
central metropolitan. This contrasts the results of previous studies demonstrating that those living in rural areas are less
likely to receive regular screenings for diabetic retinopathy and eye exams generally.'>*® These data should be
interpreted within the context of existing literature as disparities in DR screenings between urban and rural populations
are well described.'*~°

Another finding from our study showed that those who received care at a Veteran’s Health Administration facility or
health care paid for by the VA in the previous 12 months were significantly more likely to have received an eye exam in
the previous 12 months compared to those who did not (OR 2.15; 95% CI 1.34-3.44). This is congruent with findings
from previous studies demonstrating that patients in the VA system were more likely than patients in commercial
managed care to receive diabetic eye exams.** This is also consistent with previously published findings that those in
comprehensive and well-connected healthcare organizations are more likely to receive care consistent with established
guidelines for diabetes.>”

We also show that those who are insured are significantly more likely to have received an eye exam in the previous 12
months regardless of the type of insurance when compared to those who are uninsured. This is consistent with findings
from previous studies showing that those without insurance are less likely to receive guideline-concordant care for

11:21.22.27.28.37 Cost-related barriers to care and a lack of coordination of diabetes care among the

diabetic retinopathy.
uninsured may explain why diabetics without insurance are less likely to receive guideline-concordant care and high-
lights an important area to be targeted by public health professionals.

Our study is also one of the first to look at the relationship between HDHPs and the likelihood of receiving an eye
exam among diabetic adults. Previous studies have shown that patients enrolled in HDHPs are more likely to delay

interventions for complications of diabetes and less likely to engage in preventative screenings related to diabetes.***!
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However, our findings showed no significant difference in the likelihood of receiving an eye exam in the previous 12
months for those with HDHPs compared to those with deductibles beneath the HDHP threshold.

We used several variables within the NHIS to capture the impact of the domains of the social determinants of health
on the likelihood of receiving an eye exam in the previous 12 months among diabetic adults. We show that an educational
attainment of high school grad or GED with no college (OR 0.62; 95% CI 0.47-0.81) or a less than high school education
(OR 0.66; 95% CI 0.48-0.92) are negatively associated with receiving an eye exam in the previous 12 months. This is
consistent with the findings from other studies which have consistently showed positive associations between higher
educational attainment and the likelihood of receiving regular diabetic retinopathy screenings.>>%*7+4¢

The single most predictive factor for receiving an annual eye exam among diabetic adults was having a usual place to
go for healthcare (OR 3.89; 95% CI 2.16-7.01). This is consistent with previous research showing that regular contact
with a primary care provider was positively correlated with receiving an annual screening exam for diabetic
retinopathy.’® This finding emphasizes the importance of the social determinants of health domain “health care access
and quality” in ensuring that diabetic adults receive annual vision screenings.

An inability to pay medical bills did not show a significant inverse correlation with receiving an eye exam in the
last year although did come close to exceeding the significance threshold. Similarly, eating less than needed due to cost
did not have a significant association with an eye exam in the previous 12 months. These findings were surprising given
that income has been cited as a commonly positively correlated factor with receiving annual eye exams for diabetic
retinopathy.”**’” This difference may be due to the use of variables in our analysis that capture functional economic
stability (via difficulty paying for essential needs) instead of income itself.

This study has several limitations. The NHIS itself is based on self-reported responses and is not verified using
insurance claims or the electronic health records. Further, this study was limited by our use of the NHIS variables as they
are written. The question used as the primary outcome, “During the past 12 months, have you had an eye exam from an
eye specialist such as an optometrist, ophthalmologist, or eye doctor?” does not distinguish between a full dilated diabetic
eye exam and a standard vision screening by an optometrist. As a result, we may be overestimating the number of
patients who are concordant with their diabetic eye exam screenings by capturing those who received only a refractory
exam for a glasses or contacts prescription update.

Due to multicollinearity of race and SDH measures, our study did not examine the direct association between
receiving an eye exam in the previous 12 months and self-reported racial identity. Several studies have shown significant
racial disparities in diabetic retinopathy screening with strong links to the social determinants of health.®'*** Public
health efforts that seek to improve the percentage of Americans receiving their annual diabetic eye exam should
incorporate previously published literature findings demonstrating the racial disparities in receiving guideline-
concordant diabetic retinopathy screenings.

Our study assessed the relationship between various insurance-related, geographic, and SDHs with receiving an eye
exam in the preceding 12 months among adults with self-reported diabetes diagnoses using the nationally representative
data collected in the 2019 National Health Interview Survey (NHIS). We were able to verify an array of previously
reported associations including education, healthcare access, and Veteran’s Health Administration or VA funded
healthcare and showed that Medicare Advantage plans were associated with an increased likelihood in eye examinations
among diabetic adults. These findings provide important information to policy makers and public health professionals in
the endeavor to achieve the goal laid out in the Health People 2030 report to “increas[e] the proportion of adults with

diabetes who have a yearly eye exam”?°

Conclusion

The results of this study suggest that many factors are associated with diabetic adults receiving an annual eye exam.
Female sex, residence in the Midwestern United States, use of VA healthcare, having health insurance, and having a usual
place to go for healthcare were positively associated with an eye exam in the previous 12 months. In contrast, educational
attainment less than or equal to high school or GED was associated with a decreased likelihood of receiving an eye exam
in the previous 12 months among diabetic adults. These findings may be used by public health professionals to develop
interventions aimed at increasing the proportion of adults with diabetes who have a yearly eye exam.
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