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OBJECTIVE: To explore the prevalence and demographics of financial insecurity in individuals with eye disease in the United States.
METHODS: This retrospective cross-sectional study analysed questions from the nationally representative 2016-2017 National
Health Interview Survey (NHIS) with the eye conditions macular degeneration, diabetic retinopathy, glaucoma, and cataract. Data
was analysed as a whole and then further analysed by condition. Evaluated topics indicated financial insecurity such as individuals
reporting difficulty paying bills among eye conditions studied and by demographics.

RESULTS: Survey responses estimated that the overall prevalence of reporting problems paying or unable to pay bills were 12.49%
(95% C.I. 11.62-13.36%) among patients with eye conditions. The overall prevalence of patients delaying care was 6.77% (95% C.I.
6.17-7.36%) and 17.06% (95% C.I. 15.99-18.14%) of individuals with eye conditions reported worrying about housing payments.
Multivariable logistic regression revealed that demographics who more frequently had difficulty paying medical bills include
individuals age 45-64 (3.33 aOR, C.l. 2.79-3.98, p < 0.001), blacks (1.90 aOR, C.l,, 1.48-2.45, p < 0.001), Hispanics (1.51 aOR, C.l.
1.07-2.12, p = 0.020), and those 100-200% of the federal poverty line (2.16 aOR, C.l. 1.76-2.66, p < 0.001) or below the poverty line
(1.93 aOR, C.l. 1.48-2.53, p < 0.001).

CONCLUSION: There are several demographics with eye disease that self-report financial insecurity. There should be greater
concern for financial insecurity among diabetic retinopathy and glaucoma patients. Ophthalmologists should consider engaging in

proactive discussions with at-risk patients to reduce potential non-adherence secondary to financial insecurity.
Eye (2022) 36:2044-2051; https://doi.org/10.1038/s41433-021-01745-1

INTRODUCTION

Cost of care and income are among the many social factors
impacting clinical treatment and outcomes [1, 2]. Medicare has
spent $9719 and $9934 annually on each beneficiary receiving
ranibizumab and aflibercept respectively [3]. In 2009, Medicare
fee-for-service glaucoma costs were estimated to be around $228
per person [4]. A cost analysis indicated yearly costs of glaucoma
medications to range from $150.81 for generic timolol maleate
0.5% (Falcon Pharmaceuticals, Ltd, Fort Worth, Texas, USA) to
$873.98 for a three-times-daily dose of Alphagan P 0.15%
(Allergan, Inc, Irvine, California, USA) [5]. Lee et al determine that
employer costs for diabetic retinopathy (DR) vary greatly among
some subgroups with costs of care being higher in diabetic
macular oedema employees ($28606) versus non-diabetic macular
oedema ($16363), proliferative DR ($30135) versus non-
proliferative DR ($13445), DR with photocoagulation ($34539)
versus without ($16041), and DR with vitrectomy ($63933) and
without ($17239) [6].

Previous ophthalmic literature in the United States and abroad
indicates that income and cost of care may influence decisions to
obtain care. Stagg et al determined that individuals in the United
States with an income of over $100,000 were 20% more likely to
undergo cataract surgery at an ambulatory surgery centre than
those with incomes less than $40,000 annually (odds ratio 1.20;

95% Cl, 1.12-1.29) [7]. Furthermore, an Australian study establishes
that more anti-vascular endothelial growth factor medicine was
dispensed in neovascular age-related macular degeneration
patients among bulk-billing clinics (17.0 mean injections) versus
typical clinics (13.8 mean injections), indicating lower out of
pocket expenditures are associated with higher adherence rates to
therapy.

The Healthy People 2020 Vision objective establishes access to
care as a key consideration for improving visual health of the
United States [8]. A key aspect to patients appropriately accessing
care is whether or not they feel they are in an adequate financial
position to obtain care. Consequently, elucidating financial
insecurity information among patients with common eye condi-
tions may signal which patients may be basing healthcare
decisions more so on cost rather than medical recommendation.
With the National Health Interview Survey (NHIS), this study aims
to explore the prevalence and demographics of financial
insecurity in those with and without eye disease.

METHODS

This study was conducted across the 2016-2017 cycles of the National
Health Interview Survey (NHIS), a cross-sectional nationally representative
survey conducted annually by the National Center for Health Statistics
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(NCHS) (cdc.gov/nchs/). Using complex sampling design techniques such
as stratification and clustering, the NHIS collects estimates of a wide range
of health information for the civilian noninstitutionalized population of the
United States. With over 600 unique questions included, the NHIS has been
employed to analyse health concerns from a patient’s self-reported
perspective [9, 10]. Topics previously studied within the ophthalmic space
include disparities in eye care services, use of protective eyewear, and
eyeglasses affordability [11-13]. Inclusion criteria for this study include
survey respondents from individuals aged 18 or older. Responses
pertaining to children were excluded with consideration to limited
financial independence. This study was exempt from IRB approval due to
the public nature of the data set. Informed consent was not required due
to the retrospective nature and the IRB exempt status of this study. All
study procedures adhere to the Declaration of Helsinki and all federal and
state laws.

The NHIS includes questions in this study asking civilians about their
financial security/well-being, with regards to both healthcare-related and
non-healthcare-related expenditures. Such financial insecurity questions
include the following topics: “problems paying or unable to pay medical
bills, past 12 months”; “medical care delayed due to cost, past 12 months”;
“worried about paying rent/mortgage/housing costs”; “worried about
money for retirement”; “worried about paying monthly bills”. The first two
questions about “problems paying or unable to pay medical bills, past
12 months” and “medical care delayed due to cost, past 12 months”
responses were structured in a yes/no format. The remaining three
questions about financial worries served as a gauge of general financial
stress and responses to these questions were structured in a four-step
scale indicating the amount of worry: “not worried at all”, “not too
worried”, “moderately worried”, or “very worried” (Supplementary Appen-
dix 1). The responses to the four-step scale questions about financial
worries were then binarized into “not worried at all"/“not too worried” and
“moderately worried”/"very worried” according to previous analysis of the
NHIS to increase compatibility for statistical analysis [14].

These respondents from the NHIS were then filtered to only include
those who reported having ever been told by a doctor or other health care
professional that they had a common eye condition such as glaucoma,
diabetic retinopathy, cataract, and macular degeneration. Within this
subset of patients, only those who responded to the aforementioned
financial security questions were included. The four conditions mentioned
are the only eye conditions available for inclusion and information on
other common eye conditions such as uveitis were not available in the
NHIS database. This information is collected specifically by questions
developed and utilized by NHIS, which is why data on ophthalmic
conditions was only available in 2016-2017 as information gathering on
ophthalmic conditions was not conducted in other years. Patients with the
condition cataract included both patients with unoperated cataract and
those with cataract surgery.

Analysis on these patients was first performed as a broad subset
including all patients reporting to have the ophthalmic conditions cataract,
diabetic retinopathy, macular degeneration, and glaucoma to understand
trends of ophthalmic patients at large. Then, these populations were
subdivided based on ocular condition to identify unique trends among
each disease category.

Statistical analysis

R version 4.0.2 (Boston, MA) was used for statistical analysis. All statistical
calculations accounted for the complex sampling design of the NHIS using
the R “survey” package (version 4.0). The overall proportions of each survey
question response were calculated, including their 95% confidence
intervals. The data was analysed for any crude differences in financial
insecurity responses based on the independent variables included in the
study with 95% confidence intervals being calculated for the breakdowns
and statistical significance being determined with Pearson X? test with the
Rao Scott adjustment [15]. In consideration of possible missing survey data,
methodologies with imputed data have been used with the imputation
being run five times [16]. To account for potential confounding factors, a
multivariable analysis was conducted using logistic regression while
controlling for all the independent variables to predict the financial
insecurity responses. More specifically, one multivariable logistic regression
model was run with age, race, sex, citizenship status, U.S. Birth status,
geographic region, federal poverty level status, insurance status, marital
status, level of highest educational attainment, and self-reported health
status serving as independent variables and the dependent variable being
a response to the financial insecurity question. From this regression, the
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adjusted odds ratios with 95% confidence intervals were calculated and
statistical significance was determined using the Wald Test [17]. Statistical
tests were two-sided, and significance was defined as p < 0.05.

RESULTS

There were 175301 NHIS survey respondents in 2016-2017. A total
of 12074, 12094, 11854, 11839, and 11857 patients within the
ophthalmic cohort, which include conditions cataract, glaucoma,
diabetic retinopathy, or macular degeneration, responded to NHIS
survey questions relating to problems paying or unable to pay
medical bills, past 12 months, medical care being delayed due to
cost in past 12 months, worried about paying rent/mortgage/
housing costs, worried about money for retirement, and worried
about paying monthly bills respectively. The demographics of
responses are fairly consistent across survey questions. Based on
the delayed cost survey question, (70.12%, 95% C.I. 68.97-71.27%)
of respondents were above the age of 65 and 76.25% (95% C.l.
74.60-77.89%) were white and 9.28% (95% C.l. 8.31-10.25%) were
black (Fig. 1A). Females were more commonly respondents
(58.66%, 95% C.I. 57.53-59.79) and majority of respondents are
United States citizens (97.01%, 95% C.l. 96.50-97.53%). A majority
of participants were 200% or above the poverty line (69.79%, 95%
Cl. 68.41-71.18%), but a notable percentage were 100-200%
above poverty (19.83%, 95% C.l. 18.86-20.79%) or 100% below
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Fig. 1 Demographic Information of National Health Survey

Respondents with Eye Disease. A Demographic information for
age and race by percentage based on the National Health survey
question. Figure 1B: Percentage of individuals by poverty level and
Insurance status based on the National Health survey question.
HIPROBPAYR “Problems paying or unable to pay medical bills, past
12 months”; DELAYCOST “Medical care delayed due to cost, past
12 months”; WRYHOUS. “Worried about paying rent/mortgage/
housing costs”; WRYRET “Worried about money for retirement”;
WRYBILLS “Worried about paying monthly bills.

SPRINGER NATURE



G.L. Hom et al.

2046

poverty line (10.38%, 95% C.I. 9.52-11.24%) (Fig. 1B). The majority
of patients had private insurance (50.31, 95% C.I. 48.72-51.89%).
More respondents had Medicare (33.72%, 95% C.l. 32.38-35.07)
compared to Medicaid (8.86%, 95% C.l. 7.99-9.73%).

Table 1 reports the percentage of patients who answered
affirmatively to the ability to pay for medical bills in the past
12 months, medical care being delayed due to cost in the past
12 months, those worried about paying rent/mortgage/housing
costs, worried about money for retirement, and worried about
paying monthly bills respectively. For patients with an ophthalmic
condition, the overall prevalence of reporting problems paying or
unable to pay bills was 12.49% (95% C.I. 11.62-13.36%) and the
prevalence of delaying care was 6.77% (95% C.. 6.17-7.36%).
17.06% (95% C.I. 15.99-18.14%) of individuals with eye conditions
reported worrying about housing payments. 36.62% (95% C.I.
35.27-37.97%) reported worrying over retirement and 23.75%
(95% C.I. 22.50-24.99%) reported worrying about bills. Notably,
those over 65 are among the lowest to affirm difficulty in paying
for medical bills in past 12 months (8.09%, C.. 7.30-8.89%) or
delaying care (3.42%, 3.00-3.85%) compared to individuals in
younger age brackets (p<0.001). Furthermore, blacks and
Hispanics had an increased rate of reporting difficulty to pay
medical bills on time (23.98%, Cl. 20.38-27.59% and 22.42%,
18.02-26.82% for blacks and Hispanics respectively) or delaying
medical care (10.67%, Cl. 8.25-13.09% and 11.58%, CI.
8.32-14.85% for blacks and Hispanics respectively) relative to
their white counterparts (9.87%, 9.01-10.73% and 5.48%,
4.90-6.06%) for problems paying and delaying medical care
respectively (p <0.001). Those below the federal poverty line
frequently responded affirmatively to problems paying for
medical bills (23.48%, Cl. 20.28-26.67% and delaying care
(13.39%, C.l. 10.94-15.84%). Medicaid patients reported greater
frequency of reporting difficulty paying medical bills (18.61%, C.I.
15.51-21.71%) and delaying care (9.80%, 7.24-12.36%) compared
to Medicare patients (11.66%, C.l. 10.34-12.98 and 5.82%, C..
4.96-6.68 for difficulty paying bills and delaying costs questions
respectively). The other factors that yielded statistically significant
associations across all survey questions include U.S. Citizenship
status, birth status, self-reported views on health status, and
highest educational attainment.

Table 2 summarizes the adjusted odds ratios of affirmative
answers to each survey question by demographic. Some notable
demographics to experience elevated adjusted odds ratios (aOR)
of having difficulty paying medical bills include individuals age
45-64 (3.33 aOR, C.l. 2.79-3.98, p <0.001), blacks (1.90 aOR, C.,
1.48-2.45, p <0.001) and Hispanics (1.51 aOR, Cl. 1.07-2.12, p =
0.020), those 100-200% of the federal poverty line (2.16 aOR, C.l.
1.76-2.66, p <0.001) or below the poverty line (1.93 aOR, C..
1.48-2.53, p<0.001). Uninsured patients had increase adjusted
odds of being unable to pay for medical bills (1.87 aOR, C..
1.26-2.78) and delaying medical care due to cost (5.84 aOR, C.l.
4.00-8.52). Unique demographics that delayed medical care due
to costs include females 1.24 (1.02-1.52), p =0.035) and those
who have single marital status (1.45 aOR, C.l., 1.45-1.81, p < 0.001).

Financial insecurity among patients without ophthalmic
conditions

To understand if having ophthalmic conditions makes a notice-
able difference in terms of ability to pay, a separate analysis was
performed with patients without ophthalmic conditions. For the
ability to pay question, 53.95% (C.I. 53.17-54.73%) of individuals
were between ages 18-44 and 10.57% (C.I. 10.19-10.95%) were
>65. The rate of affirmative response with difficulty paying bills
was higher among the patients without eye conditions (13.95%, C.
I. 13.43-14.46%) than those with eye conditions (p = 0.003). There
was a higher frequency of those delaying care among non-eye
disease patients (8.53%, 8.17-8.89%) relative to eye disease
patients (p < 0.001).

SPRINGER NATURE

Financial insecurity among cataract patients

Online Supplementary Tables 1A and 1B highlight the affirmative
response rates and adjusted odds ratios to the survey questions of
individuals reporting to have cataracts. 10678 individuals
responded to the ability to pay question (Table 1A). The
prevalence of inability to pay among cataract patients was
11.33% (Cl. 10.46-12.19%) and delaying care was 6.05%
(5.47-6.63%). Notably, some of the following demographics who
had cataract reported increase difficulty to paying medical bills:
blacks (1.76 aOR, C.l. 1.31-2.35, p < 0.001), individuals 100-200%
(2.16 aOR, C.I. 1.73-2.70, p < 0.001) or below poverty line (1.71 aOR,
C.l. 1.25-2.34, p=0.001) (Table 1B).

Financial insecurity among glaucoma patients

Online Supplementary Tables 2A and 2B highlight the affirmative
response rates and adjusted odds ratios to the survey questions of
individuals reporting to have glaucoma. 1979 respond to the ability
to pay question (Table 2A). The prevalence of inability to pay among
glaucoma patients was 15.14 % (Cl. 13.00-17.27%) and delaying
care was 8.76% (C.. 7.14-10.38%). Notably, some of the following
demographics who had glaucoma reported increased difficulty to
pay medical bills: Blacks (2.57 aOR, Cl. 1.63-4.07), p <0.001) and
Hispanics (1.97 aOR, C.I. 1.03-3.78, p = 0.042), individuals 100-200%
(240 aOR, Cl. 1.53-3.76, p < 0.001) or below poverty line (2.75 aOR,
Cl. 1.61-4.69, p <0.001) (Table 2B).

Financial insecurity among diabetic retinopathy patients
Online Supplementary Tables 3A and 3B highlight the affirmative
response rates and adjusted odds ratios to the survey questions of
individuals reporting to have diabetic retinopathy. 606 individuals
responded to the ability to pay question and a notable percentage
of respondents were black (15.83%, Cl. 11.89-19.76) and Hispanic
(17.42%, Cl. 12.93-21.91%). The prevalence of inability to pay
among diabetic retinopathy patients was 25.47% (C.l. 21.43-29.51%)
(Table 3A) and delaying care was 14.56% (Cl. 10.68-18.43%).
Individuals who are no more than 200% above the poverty line (aOR
2.13, Cl. 1.07-4.27) or below the poverty federal poverty line (@OR
5.23, Cl. 2.36-11.59) have a statistically significant increase in the
likelihood of being unable to pay medical bills (Table 3B).

Financial insecurity among macular degeneration patients
Online Supplementary Tables 3A and 3B highlight the affirmative
response rates and adjusted odds ratios to the survey questions of
individuals reporting to have macular degeneration. A total of 1466
responded to the ability to pay question and the majority of
respondents were white (83.19%). The prevalence of inability to pay
among macular degeneration patients was 13.83% (C.I. 11.45-16.21%)
(Table 4A) and delaying care was 7.00% (C.l. 5.42-8.58%). Compared
to the other conditions, it was notable that females had an increased
adjusted odd of affirmatively responding that they had difficulties
paying medical bills in the past 12 months (1.94 aOR, C.l. 1.24-3.04, p
= 0.004) (Table 4B).

DISCUSSION

This study identifies the prevalence and at-risk groups of financial
insecurity among patients with common ophthalmic conditions
such as glaucoma, cataract, diabetic retinopathy, and macular
degeneration. The overall prevalence of reporting problems
paying or unable to pay bills among patients with eye conditions
were 1249%. The overall prevalence of patients with an
ophthalmic condition delaying care was 6.77%. The overall
prevalence frequencies are lower compared to patients without
ophthalmic conditions who report problems paying bills (13.95%)
and delaying care (8.53%). One explanation for these results is that
the cohort without eye diseases tended to have a larger
proportion of individuals in the age range 18-44 (53.95%)
compared to the cohort of patients with eye conditions (4.04%).
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WRYRET “Worried about money for retirement”; WRYBILLS - “Worried about paying monthly bills”

Consequently, the fewer years to earn income may contribute to
higher frequencies of insecurity among patients without eye
disease.

Stratifying the data based on disease yielded similar results with
the prevalence of reporting problems to pay ranging from
11.3-25.47% and the prevalence of delaying care ranging from
6.37-14.56%. Based on the entire cohort of patients including all
four conditions, the study suggests that there are several factors
that have distinguishable differences in reporting of financial
stress and delay care such as race, age, poverty level, education
status, citizenship status, and self-reported views on health. For
example, Medicaid patients had a higher rate of affirmative
answers to having problems paying medical bills and delaying
care due to costs compared to Medicare patients. Controlling for
all independent variables in this study, the results indicate that
demographics at increased odds of being unable to pay for
medical bills include being in the age bracket 45-64, being black
or Hispanic, being at the 200% level of the federal poverty line or
below, being uninsured, and reporting lower quality health status.
These findings generally are supported by previous literature on
general socioeconomic data. The >65 age bracket is commonly
supported by public health programs such as Medicare and
consequently, less commonly experience financial difficulties
relating to their healthcare due to decrease out-of-pocket
expenditures [18]. The black and Hispanic demographics on
average have been well reported to make a lower income and are
supported by data indicating self-reported difficulty with housing
payments and monthly bills [19]. Another notable finding is the
increased aOR of females (1.24 aOR) affirmatively responding that
they delay medical care due to costs. This coincides with
knowledge that females on average make less than male
counterparts [20]. Despite this knowledge, it has not been well
established previously if these known variables translate to
financial stress and have a possible influence on medical
decision-making among ophthalmic patients.

The data on financial insecurity per ocular condition offers
additional insights and permits for consideration of disease-
dependent consideration such as different treatment burdens.
Most notably, the diabetic retinopathy data reaffirms the burden
of this condition on Hispanic and black individuals, but this data
further highlights the stress that this type of a condition may have
on finances as patients with this condition had the highest
prevalence of reporting problems to pay medical bills (25.47%)
and the highest prevalence of delaying care (14.56%). This high
prevalence of financial insecurity may also signal difficulty
affording healthy food options and gym memberships that can
contribute to disease management and improve outcomes.
Having single marital status has also been reported as a factor
associated with delaying medical care due to cost among the
cohort at large (1.45 aOR), but also the case of some specific
disease cohorts such as the cataract cohort (1.34 aOR, Supple-
mentary Table 1B). This makes sense as the ability to combine
income may reduce financial stress.

While the study data presents self-reported financial stress
among patients with conditions such as glaucoma, cataract,
diabetic retinopathy, and macular degeneration, it is unclear if
reported stressors over medical costs or delays in medical
treatment directly relate to ophthalmic care because the NHIS
survey does not allow us to elucidate who uniquely has a single
ophthalmic condition and identify if that ophthalmic condition
specifically is contributing to the financial stress. Notwithstanding,
behaviours such as difficulty paying bills and delays in seeking
medical care can adversely impact eye care. Ophthalmologists
need to consider if affordability and financial concerns are
potential contributors to suboptimal care such as loss to follow-
up or refusal of treatment, particularly among demographics at
increased risk of financial stress.
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One unique consideration is that low reported overall health
status had increased odds of having problems paying medical bills
(@OR 2.57, p<0.001) and delaying medical care (@aOR 3.02, p <
0.001) in patients with ophthalmic conditions. Asking about
overall health status during an ophthalmic appointment may be
an indicator of individuals experiencing financial stress and can
potentially be a tool for clinicians to gauge individuals who may
be at risk for delaying medical care.

In healthcare broadly, several studies discuss improving and
contextualizing care to those patients affected by lower socio-
economic factors and other social determinants. One option
mentioned is to routinely screen for financial vulnerability across
entire patient populations to identify and refer suitable candidates
towards existing social services and safety net programs [21-23].
Others have commented, however, that universal screening may
be costly, and offer minimal value wherever the availability or
efficacy of subsequent interventions is limited [21, 22, 24]. Apart
from screening, some institutions have begun validating and
reporting healthcare-related financial stress as a patient outcome,
increasing the possibility for standardized measurement and the
subsequent evaluation of targeted interventions [25, 26]. More-
over, novel emerging technologies within ophthalmology such as
virtual visits, artificial intelligence, and teleimaging may serve as
possible mediums that can reduce financial stress related to
ophthalmic appointments and reduce delays in medical care [27].

Some limitations should be noted in this study. Most notably,
the NHIS survey does not offer insight into the severity of each
ocular condition and relies on self-reporting for each condition.
Conditions such as diabetic retinopathy and macular degenera-
tion have varying treatment requirements depending on the
severity of the disease, which may influence financial stress. The
self-reporting of conditions can potentially lead to some under or
over-reporting depending on each individual’'s understanding of
their ocular history. For example, some patients may report having
diabetic retinopathy if they went to see an eye doctor, but the
patient could potentially have obtained routine monitoring
without having the condition. The impact of multiple ocular
comorbidities or other health conditions is unable to be further
analysed. Moreover, the dataset is not fully complete as some
questions had fewer responses than others, which was accounted
for as best as possible via imputation.

A more recent consideration is the impact of the COVID-19
pandemic on finances and the impact of emerging economic
changes has on financial stress. The study authors acknowledge
that the pandemic possibly increases the likelihood of financial
stress across a multitude of demographics, but still believe that
this study’s findings highlight broad trends that merit discussion
among ophthalmologists and those advocating for improved
patient centre care within ophthalmology.

Overall, this study adds to the socioeconomic literature within the
ophthalmic space by examining a notable factor in the healthcare of
patients: their finances and financial stressors. This study of a
nationally representative cohort highlights that some demographics
such as blacks, Hispanics, females, and individuals 200% or below the
federal poverty line have an increased odds of experiencing financial
stress. Additional demographics such as single individuals may also
be subject to reporting financial stress relating to their healthcare.
Consequently, while ophthalmologists should be willing to have
discussions about the financial implications of their care with all
patients, the demographics highlighted in this study may be subject
to more frequent feelings of financial insecurity that could potentially
impact their care, and conversations with these patients may be
critical to appropriate management. Ophthalmologists and clinicians
may need to play a proactive role in alleviating patient concerns to
address potential non-adherence or loss to follow-up. Future studies
should examine the direct impact of a given ocular condition on
financial stress and can potentially examine additional financial
considerations such as the impact of an ocular condition on

SPRINGER NATURE

professional opportunities or income. Furthermore, the relationship
between the severity of these ocular conditions and financial stress
should be examined more closely to better elucidate how possible
treatment burden influences financial stress. Lastly, other aspects of
care such as loss to follow-up and treatment differences can be
examined in greater detail in the context of financial insecurity.

Summary
What was known before

® The prevalence of financial insecurity in ophthalmic patients
has not yet been explored.

What this study adds

® This study explored the prevalence and demographics of
financial insecurity in individuals with eye disease in the
United States.
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