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Abstract

Objective—To estimate temporal trends in total and out-of-pocket (OOP) expenditures for
ophthalmic prescription medications among adults in the United States.

Design—A retrospective longitudinal cohort study.

Participants—~Participants in the 2007-2016 Medical Expenditure Panel Survey (MEPS), age 18
years or older. The MEPS is a nationally representative survey of the noninstitutionalized, civilian
US population.

Methods—We estimated trends in national and per capita annual ophthalmic prescription
expenditures by pooling data into 2-year cycles and using weighted linear regressions. We also
identified characteristics associated with greater total or OOP expenditure with multivariable
weighted linear regression. Costs were adjusted to 2016 US dollars using the Gross Domestic
Product Price Index.

Main Outcome Measures—Trends in total and OOP annual expenditures for ophthalmic
medications from 2007-2016 as well as factors associated with greater expenditure.

Results—From 2007-2016, 9,989 (4.2%) MEPS participants reported ophthalmic medication
prescription use. Annual ophthalmic medication utilization increased from 10.0 to 12.2 million
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From 2007-20186, total expenditures for ophthalmic medications increased while out-of-pocket expenditures decreased. Dry eye and
glaucoma medications contributed substantially to these trends, accounting for three of every four dollars spent on ophthalmic drugs
by 2016.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could a?ect the content, and all legal disclaimers that apply to the journal pertain.




1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chen et al. Page 2

individuals from 2007-2008 to 2015-2016. In this same time period, national expenditures for
ophthalmic medications increased from $3.39 billion to $6.08 billion and OOP expenditures
decreased from $1.34 to $1.18 billion. While the average number of ophthalmic prescriptions
filled did not change over the study period (4.2, p=0.10), the average expenditure per prescription
increased significantly from $72.30 to $116.42 (p<0.001). Per capita expenditure increased from
$338.72 to $499.42 (p<0.001) and per capita OOP expenditure decreased from $133.48 to $96.67
(p<0.001) from 2007-2008 to 2015-2016 respectively. In 2015-2016, dry eye (29.5%) and
glaucoma (42.7%) medications accounted for 72.2% of all ophthalmic medication expenditures.
Patients who were older than 65 (p<0.001), uninsured (p<0.001), and visually impaired (p<0.001)
were significantly more likely to have greater OOP spending on ophthalmic medications.

Conclusion—Total ophthalmic medication expenditure in the United States increased
significantly over the last decade while OOP expenses decreased. Increases in coverage,
copayment assistance and utilization of expensive brand drugs may be contributing to these trends.
Policy makers and physicians should be aware that rising overall drug expenditures may ultimately
increase indirect costs to the patient and offset a decline in OOP prescription drug spending.

Introduction

Greater utilization of prescription drugs and rising drug prices have rapidly increased
medication expenditures in the United States.1:2 Growing out-of-pocket (OOP) spending for
prescription medications is of particular concern for policymakers as well as consumers and
has contributed to substantial legislation and research.2-6 However, despite recent policy
efforts, cost-sharing charges are still a significant proportion of pharmaceutical expenditures.
In 2017, 14% of all US prescription expenditures were in the form of OOP payments—over
$46 billion in total.”

In ophthalmology, OOP spending is a highly topical issue as a large proportion of its patient
base are older adults, who face significantly higher OOP expenditures despite Medicare’s
near universal coverage.3,8 Visual impairment and eye disease have also been well
demonstrated to add substantial economic burden.®,19 Furthermore, certain ophthalmic
medications can be expensive, with growing prices over time.11,12 This is of particular
concern in the context of recent findings that eye care professionals generated the highest
percentage of brand name medication Medicare Part D claims among all prescribers in
2013.13 Rising OOP expenses are not only economically taxing, they also have implications
for clinical care: higher prescription drug prices have been associated with lower ophthalmic
medication adherence.14.15

While previous research has examined expenditure trends for specific ophthalmic conditions
including dry eye syndrome and glaucoma, 1617 these studies examined ophthalmic
expenditure data only until 2006. A more recent study reported total costs of Medicare Part
D prescriptions for ophthalmic medications but did not include OOP costs or examine trends
over time.13 Substantial developments in ophthalmic drug utilization—including the
growing use of brand medications for dry eye syndrome—as well as significant changes in
insurance coverage highlight the need for more recent data.
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The objective of this study was to examine trends in expenditure for ophthalmic medications
from 2007-2016 in the United States. Specifically, we describe temporal trends in national
and per capita, total and out-of-pocket spending for ophthalmic medications. We also
identify individual factors associated with greater expenditure.

This study was a cross-sectional retrospective analysis of total and OOP expenditures for
ophthalmic prescription medications from 2007 to 2016 in the United States using data from
the Medical Expenditure Panel Survey (MEPS). Data utilized in this study was publicly
available from the Agency for Healthcare Research and Quality (AHRQ) and was exempted
by the Yale University Institutional Review Board. This study was conducted in adherence to
the tenets of the Declaration of Helsinki.

Data Source

The MEPS is a nationally representative survey of non-institutionalized individuals in the
United States that includes participants drawn from the prior year’s National Health
Interview Survey.18 Panels consist of approximately 15,000 households annually who are
followed for two and a half years with 5 rounds of interviews administered by telephone. At
the end of each panel, participants are assigned person-weights which include calibrations to
nonresponse. To calculate accurate health care use and expenditures, additional information
from medical providers, hospitals and pharmacies were also gathered to supplement
individual response data. The MEPS has been utilized by multiple previous analyses to
assess longitudinal trends in medication use, expenditure and economic burden in
ophthalmology and other conditions.#10.16.17.19,20

For this study, we utilized the MEPS Household Component’s Full-Year Consolidated Data
files and the Prescribed Medicine files from 2007-2016. Response rates in the MEPS
Household Component ranged from 46.0-59.3% during this study period.2! To smooth
analyses of trends, we pooled annual data into 2-year periods beginning with 2007-2008
through 2015-2016. Person weights were accordingly adjusted to represent annual
estimates. We excluded participants younger than 18 years of age and included only those
with positive person survey weights, to better represent the cross-sectional national
population.

Ophthalmic Medication Utilization and Expenditure

During MEPS interviews, participants were asked to provide the name of any prescribed
medicines that they or anyone in their family had purchased or otherwise obtained.
Respondents reporting prescriptions were subsequently asked for consent for the MEPS to
obtain additional drug detail information including the medicine name, fill date, as well as
sources of payment and associated payment amounts from their pharmacy. In 2011, 69.6%
of participants signed pharmacy permission forms and 73.3% of contacted pharmacies
provided prescription data.22 The definition of a prescription in this study was any
prescription of an individual medication with varying days of supply. For example, if a
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patient filled latanoprost 4 times in a year they would have had 4 prescriptions that given
year.

For prescriptions without pharmacy data, prescription and payment information was imputed
using a proprietary matching program based on matching variables including a participant’s
prior prescriptions, a prescription’s National Drug Code (NDC), active ingredients, dosage
form and strength. Imputation also utilized data from other respondents based upon
matching prescription or patient characteristics including age, sex, health conditions and
health status. Previous research comparing drug use between the MEPS and Medicare Part D
claims found an agreement rate of 0.97 indicating “substantial” agreement.23 Drug
expenditure was also similar between the two databases, differing on a per capita basis by
only 4%, with Lin’s concordance of 0.78, affirming the validity of MEPS prescription data.
23 Data prior to 2007 and after 2016 was available but was not utilized for longitudinal
analysis due to changes in the editing and imputation process of expenditure data.1® In brief,
the AHRQ implemented methodological changes in 2007 regarding the identification of
expenditure outliers based upon a report benchmarking the distribution of prices in the
MEPS to private claims data. In 2016, the AHRQ began allowing higher imputed pricing to
account for the rising prices of specialty drugs. More information about these changes as
well as the editing and imputation process are available elsewhere.18:22

We identified all ophthalmic prescriptions in the MEPS database based on Multum Lexicon
Therapeutic Class Codes for ophthalmic medications and “ophthalmic preparations” across
the entire study period and cross-referenced brand and generic names of medications on this
list against all other medications in each annual file to identify potentially miscategorized
medications.1® Ophthalmic medications were categorized into 7 sub-classes: glaucoma,
steroids, lubricants, antihistamines/decongestants, dry eyes, non-steroidal anti-inflammatory
drugs (NSAIDS) and anti-infectives. During this study period, the only medication in the dry
eye sub-class was topical cyclosporine 0.05% (Restasis; Allergan, Irvine CA). Ophthalmic
steroids with anti-infectives were categorized as steroids.

In this study, we utilized the AHRQ definition of total expenditure as the sum of payments
from all sources (including the participant, insurance, Worker’s Compensation and other
federal or state sources) for a given prescription. OOP expenditures were a respondent’s
self-paid amount for a given prescription after manufacturer discounts or rebates if
applicable. We computed national expenditures, which was the sum of all individual
expenditures, as well as per capita expenditures. For drug sub-class analysis, per capita
expenditures for a sub-class were calculated among individuals reporting use of any
medication of that sub-class. All expenditures were adjusted for inflation with the Gross
Domestic Product Price Index to 2016 US dollars.

Demographic Covariates

We also collected demographic factors including age, sex, race/ethnicity, primary insurance,
family income and region of residence. Participants were split by age into three categories:
18-39, 40-64 and 65 years and older. Race/ethnicity was participant reported and
categorized into mutually exclusive groups including non-Hispanic Black, non-Hispanic
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White, non-Hispanic Asian, Hispanic and other. We simplified primary insurance status into
5 categories: uninsured, privately insured, insured by Medicaid, any Medicare coverage
(including Medicare advantage) and other. Family income level was categorized as
proportions of the federal poverty level (FPL): <100%, 100 to <125%, 125 to <200%, 200 to
<400% and 400% or greater. We also included visual impairment status which was assessed
with the survey question, “Is anyone in the family blind or does anyone have serious
difficulty seeing, even when wearing glasses?"

Statistical Analysis

Results

We describe cohort demographics and expenditures with mean and standard error (SE) for
continuous variables and proportion for categorical variables. Differences between MEPS
participants who did and did not report use of any ophthalmic prescription medications as
well as differences in participant demographics between periods were assessed with Pearson
XZ and student’s t-tests. We assessed trends in per capita expenditures and utilization using
weighted linear regression with individual-level data and the cycle as the independent
covariate. Trends in national expenditure were calculated by linear regression with year as
the independent covariate—the sample size for this analysis was substantially smaller as
analysis was conducted on a year- rather than individual-level. We identified predictors of
ophthalmic medication expenditure with weighted linear multivariable regressions. P-values
in multivariable regression analyses were corrected for multiple comparisons (2) with the
Bonferroni correction. In all analyses, a 2-sided p-value <0.05 was considered statistically
significant.

All statistical analyses were conducted using final person-weights and variance estimations
with StataSE 15 (StataCorp, College Station, Texas). Graphpad Prism 8 (Graphpad
Software, San Diego, CA) was used for all graphical depictions.

From 2007 to 2016, a total of 237,363 MEPS participants were eligible for analysis of which
9,989 (4.2%) reported use of any ophthalmic medication (Table 1). From 2007-2008 to
2015-2016 the number of individuals using ophthalmic medications increased from 10.0 to
12.2 million annually. Among ophthalmic medication users, the average age was 61.5 (SE
0.3), 59.7% were female and 73.5% were non-Hispanic White. There was a significantly
greater proportion of wealthy (p<0.001), female (p<0.001), white (p<0.001), Medicare
insured (p<0.001) and visually impaired participants (p<0.001) as well as those over 65
years of age (p<0.001) who reported ophthalmic medication prescriptions compared to the
total MEPS population. Characteristics of MEPS responders using any ophthalmic
medication over time are reported in Table S1 (available at http://www.aaojournal.org). From
2007-2008 to 2015-20186, the proportion of participants using ophthalmic medications with
Medicare (50.0 to 57.4%, p<0.001) increased while the proportion who were uninsured
decreased (3.6% to 1.9%, p<0.001). The average number of ophthalmic prescriptions filled
per individual using any ophthalmic medications was 4.2 (0.9) and did not change over time
by linear regression (p=0.10). However, the average expenditure per prescription increased
significantly through the study period $72.30 to $116.42 (p<0.001).
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Trends in National Ophthalmic Expenditures

Annual total expenditures for ophthalmic medications nearly doubled from $3.39 billion to
$6.08 billion from 2007-2008 to 2015-2016 (p=0.016). In contrast, the annual OOP
decreased from $1.34 billion to $1.18 billion in the same period (p=0.15). Trends in total
and OOP expenditure by ophthalmic sub-class are shown in Table S2 (available at http://
www.aaojournal.org). Glaucoma medications comprised the majority of expenditures in the
beginning of the period, totaling $2.28 billion annually (67.3% of all ophthalmic medication
expenditures). By 2015-2016, this proportion had decreased to 42.7%. In contrast, total
expenditures and spending as a proportion of all ophthalmic expenditures increased for dry
eye medications from $310.8 million (9.2%) in 2007-2008 to $1.79 billion (29.5%) by
2015-2016. Similar trends were observed in contribution by sub-class to national OOP
expenditures. National spending on ophthalmic medications by participant demographic are
reported in Table S3 (available at http://www.aaojournal.org).

Trends in Per Capita Ophthalmic Expenditures

Per capita expenditure for ophthalmic prescription medications among participants using any
ophthalmic medications increased from $338.72 to $499.42 (p=0.002) from 2007-2008 to
2015-2016 while per capita OOP expenditure decreased steadily from $133.48 to $96.67
(p<0.001, Figure 1). Among individuals using any ophthalmic medications, the percentage
of their total annual prescription medication expenditure spent on ophthalmic medication
increased from 29.6% to 32.2% from 2007-2008 to 2015-2016, this increase was not
significant (p=0.08). Ophthalmics composed a smaller proportion of total OOP expenditure
and there was a significant decrease in this percentage over this study period from 15.5% to
12.7% (p=0.004). We also reported trends in per capita total and OOP ophthalmic
expenditure by participant demographic among those reporting any ophthalmic prescription
in Table S4 and S5 (available at http://www.aaojournal.org). Of note, individuals who were
female (p<0.001), over the age of 65 (p<0.001), white (p=0.006), and had Medicare
insurance (p<0.001) experienced significant decreases over time in OOP expenditure. In
contrast, non-Hispanic black individuals (p=0.005) and those reporting visual impairment
(p=0.001) observed a significant increase.

Trends in Per Capita Expenditures by Ophthalmic Drug Class

When examining annual per capita total expenditure by ophthalmic drug sub-classes, several
subclasses exhibited significant trends over the study period (Figure 2A, Table 2). Annual
dry eye medication (Restasis) per capita expenditures increased significantly from $602.40
to $1872.80 over the last decade (p<0.001) with an increase of $287.67 per 2-year cycle by
linear regression. Per capita expenditure of ophthalmic steroids also grew from $88.86 to
$211.75 (p<0.001).

OOP per capita expenditures for glaucoma medications significantly decreased during the
study period from $273.21 to $146.15 (p<0.001) (Table 2). In post hoc analysis of glaucoma
medication utilization, we identified that the average number of glaucoma prescriptions per
individual decreased over time from 7.4 to 6.8 (p=0.05) from 2007-2008 to 2015-2016
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while the average expenditure per prescription did not change significantly over time
($99.64, p=0.41). Per capita OOP also significantly decreased for antihistamines/
decongestants and anti-infectives from $35.26 to $30.51 (p=0.02) and $34.89 to $25.22
(p=0.004) respectively from the 2007-2008 to 2015-2016. Per capita OOP expenditure for
dry eye prescriptions started at $122.51 in 2007-2008 and peaked in 2013-2014 at $207.61
although the association between time and OOP expenditure was not significant (p=0.18).

Predictors of Greater Per Capita Expenditure

On multivariable-adjusted analyses, adults 65 years and over ($221.63; 95% confidence
interval [CI], 114.70 to 328.56; p<0.001) and age 40-64 ($178.84; 95% ClI, 131.59 to
226.08; p<0.001) expended significantly more than those 18-39 years of age (Table 3).
Individuals with private insurance ($117.77; 95% ClI, 61.28 to 174.27; p<0.001) and
Medicare ($252.76; 95% CI, 154.16 to 351.36; p<0.001) were significantly more likely to
have greater ophthalmic prescription expenditure than uninsured participants. Regional
differences also existed with residence in the Northeast associated with significantly greater
expenditure than all other regions (all p<0.05). Lastly, individuals who were visually
impaired were significantly more likely to have greater expenditure ($208.24; 95% CI, 59.15
to 357.34; p=0.01) independent of other demographic factors.

With regard to OOP spending, participants 65 and over ($101.41; 95% ClI, 75.20 to 127.63;
p<0.001), and age 40-64 ($47.55; 95% Cl, 33.48 to 61.62; p<0.001) were significantly more
likely to have greater OOP expenditure compared to those 18-39 years of age (Table 3).
Hispanic participants were significantly more likely to have less OOP compared to non-
Hispanic Whites (-$23.89; 95% Cl, —39.16 to —8.62; p=0.004). Additionally, uninsured
participants had significantly greater OOP expenditures than those with Medicaid (—$50.89;
95% Cl, —79.51 to —22.28; p<0.001) and Medicare (-$34.14; 95% CI, — 64.59 to —3.68;
p=0.05). OOP insurance expenditure increased with family wealth with those above 400% of
the FPL, 200-399% of the FPL and 125-199% of the FPL expending $49.52 (95% ClI, 29.35
to 69.69; p<0.001), $29.81 (95% ClI, 12.66 to 46.95; p=0.002) and $40.10 (95% ClI, 13.21 to
66.99; p=0.02) more than those below 100% of the FPL respectively. Regional variations
also existed with residence in the Northeast associated with significantly greater OOP
expenditure by approximately $50 per capita compared to the South (p=0.02) and West
(p=0.02) regions. Lastly, participants who were visually impaired were significantly more
likely to have greater expenditure ($91.79; 95% Cl, 51.44 to 132.13; p<0.001).

Discussion

Using a nationally representative sample of the US adult population, we found that annual
national and per capita expenditures for ophthalmic medications significantly grew from
2007 to 2016. Conversely, per capita OOP spending for ophthalmic drugs significantly
declined and represented a decreasing proportion of total OOP prescription pharmaceutical
costs. Dry eye and glaucoma medications contributed substantially to these trends,
accounting for nearly three out of every four dollars spent on ophthalmic drugs. Total
expenditures for cyclosporine 0.05% (Restasis) more than tripled over the study period while
OOP expenditures for glaucoma medications significantly decreased. Our study also found
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that despite diminishing overall OOP drug costs, significant inequities in OOP expenditure
persist: the elderly, uninsured, and visually impaired all faced higher OOP costs.

While prior research has described the significant economic burden of visual impairment
and eye disease,10-24 limited studies have assessed the pharmaceutical costs of ophthalmic
prescription drugs. Here, we demonstrate that national expenditures for prescription
ophthalmic medications have substantially grown, nearly doubling from 2007-2008 to
2015-2016, continuing the trend of rising expenditures reported by studies examining data
from 2001-2006.16:17 Our results indicate that this growth was driven by both an increasing
number of individuals utilizing ophthalmic medications as well as greater per capita
spending. Furthermore, the average price per prescription grew while the number of
prescriptions per individual remained stable, suggesting that rising ophthalmic drug prices
and greater use of expensive brand medications may be contributing more to growing
expenditure than more frequent utilization. Indeed, a 2018 congressional report
demonstrated that the average wholesale acquisition cost of Restasis increased by 92% from
2012-2017, which likely contributed to Restasis comprising nearly 30% of all expenditures
by 2015-2016.25 It has been shown that the price of pharmaceuticals and medical services
rather than differences in utilization have recently been attributed as the main driver of the
disparity in healthcare costs in the US compared to other high-income countries.28
Ophthalmic medications are also comprising an increasing proportion of total prescription
expenditures for individuals taking any ophthalmic drugs, implying that rising ophthalmic
expenditures are outpacing the growth in overall pharmaceutical costs in this population.

In contrast to total ophthalmic medication expenditure, we found that OOP spending for
ophthalmic medications has significantly declined which mirrors industry analysis reporting
a small decline in total OOP expenditures in recent years.”-2728 This may be, in large part,
due to coverage gains and closure in coverage gaps through Medicare Part D legislation and
the Affordable Care Act.27:2%:30 Qur study showed that uninsured patients comprised a
smaller proportion of individuals reporting any use of ophthalmics over time while the
proportion of those with Medicaid and Medicare increased. Additionally, among all
insurance groups, we observed the greatest decline in OOP spending and the lowest relative
likely amount of OOP spending for Medicare and Medicaid beneficiaries after controlling
for patient demographics. Previous studies have shown significantly increased coverage of
patients with glaucoma after implementation of Medicare Part D as well as lower frequency
of skipping doses or failing to obtain glaucoma prescriptions due to cost.29-31 Decreasing
OORP costs in our study were largely driven by declining OOP expenditure for glaucoma
medication which corroborates this point.

While it is also possible that increased utilization of generic rather than brand glaucoma
medications may be driving this trend, particularly after the approval of generic
dorzolamide/timolol maleate (Cosopt) in 2008 and generic latanoprost (Xalatan) in 2011, a
substantially increased volume of generic prescriptions would likely have caused a decrease
in both total and OOP costs. However, total expenditures for glaucoma medication did not
change over our study period. Furthermore, the average expenditure per glaucoma
prescription did not significantly decrease over time. These results suggest that other
elements may have had a greater impact on limiting OOP spending.
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Importantly, we found that certain patient populations, including the elderly, visually
impaired and uninsured continued to have significantly greater OOP spending. Higher OOP
spending among uninsured patients is unsurprising as coverage gains would not impact this
population’s shared-costs for prescription medications. In contrast, greater OOP costs
among the elderly and visually impaired likely reflect more frequent utilization of
ophthalmic prescription medications rather than lack of coverage.3? Indeed, OOP
expenditures for both groups significantly decreased throughout this study period as
legislative changes improved prescription drug coverage. However, by the end of the study,
adults 65 and over (of which the vast majority were insured by Medicare in this study)
continued to have the greatest per capita OOP expenses among all age groups, suggesting
that deductibles, copayments and the lack of an OOP maximum among Medicare
beneficiaries still contributed to high OOP medication costs.

Several other factors may also be limiting patient cost-sharing but contributing to drug
expenditure. For example, manufacturer and charitable patient assistance programs, which
provide copayment assistance for certain prescription drugs, have rapidly increased in
prevalence and coverage in recent years: copay coupons represented nearly 12% of patient
responsibility for retail prescription drug costs in 2016, up from 6% in 2012.27 Although no
previous studies have examined the prevalence of these programs for ophthalmic
medications, a brief search revealed numerous coupon cards and copay assistance initiatives
for glaucoma and dry eye medications which comprised the majority of total and OOP
spending throughout this period.33-35 While these programs are essential in helping many
patients access affordable medications, they have also received criticism for contributing to
rising prescription expenditure. Mechanistically, copayment coupons drive patients towards
higher-tier brand-name drugs which often have even lower OOP costs for consumers than
generics after manufacturer fee assistance.3¢ Copayment assistance programs also allow
manufacturers to raise drug prices and offer larger copayment coupons to maintain low OOP
pricing, which ultimately require insurers to cover greater costs.37-39

Pharmaceutical benefit managers (PBMs) and rebates may also be playing an additional role
in limiting OOP spending. PBMs are companies that dictate the insurance formularies and
influence drug expenditure and patient costs by negotiating rebates and discounts from drug
manufacturers on behalf of insurers. In concept, rebates are passed from PBMs to insurers
which ultimately lead to lower consumer copayments. The rising amounts of PBM rebates in
recent years—growing from $39.7 billion to 89.5 billion from 2012-2016—in theory have
controlled OOP costs;2” However, in response to higher rebates, manufacturers have
increased medication list prices.*? Additionally, because PBMs control copayment amounts
and tier placements, manufacturers of expensive brand medications can offer more
significant rebates to PBMs in exchange for reducing consumer co-payments or placing their
medication on a more preferred tier.41 For example, a study of OOP costs for statins found
that Lipitor had lower OOP costs than generic atorvastatin after Lipitor’s manufacturer
partnered with PBMs.4243 In ophthalmology specifically, a recent study observed higher
drug costs for several generic medications compared to their brand counterparts for
Medicare Part D.11 However, we note that the exact extent to which PBMs have influenced
ophthalmic medication pricing is unknown due to their confidential nature.
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The mechanisms by which manufacturer discounts and PBMs influence patient spending are
complex, however, they highlight the potential leverage that can be achieved by maintaining
low perceived OOP prescription spending. Shielding patients from OOP drug costs can
inadvertently remove patient and physician financial disincentives for over-utilization and
usage of expensive medications with cheaper therapeutic equivalents. Low OOP costs for
ophthalmic medications observed in our study may partly explain a recent analysis that
reported that ophthalmologists generate the highest percentage of brand name medication
claims among all providers in Medicare which are driven largely by glaucoma and dry eye
medications.13 Lower OOP prices can also reduce political incentive to maintain lower drug
prices.39

As insurers face rising drug prices, an increasing burden of coverage, and pressure to limit
OOP prescription costs, they may be forced to shift costs by increasing premiums or
decreasing coverage. For example, while a recent report observed no growth in OOP
prescription spending from 2012-2016, both the total value and share of total premiums
attributed to retail pharmacy benefits increased substantially.2” Insurer cost-shifting may
ultimately increase patient OOP expenditures overall even if prescription OOP spending
remains stable. To better characterize insurer cost shifting, future research should examine
how OOP costs for patients with eye disorders have changed over time in the context of
declining OOP prescription spending.

Limitations

This study has several limitations. First, because data from MEPS is primarily participant-
reported, prescription medication use and expenditure data may be inaccurate or incomplete.
However, the majority of patients had pharmacy data to verify prescription information and
the AHRQ utilized a variety of imputation and editing methods to account for missing data
and potential errors.22 Additionally, as mentioned previously, the accuracy of MEPS data
has been previously validated in comparison to Medicare Part D claim data.2% Furthermore,
underreporting of healthcare utilization within MEPS has been shown to occur similarly
across most sociodemographic groups.23 This reduces the impact of underreporting when
examining determinants of healthcare use. Second, ophthalmic drugs are more infrequently
prescribed compared to other medications, yielding smaller sample sizes than in studies
examining more common medications. To address this potential issue, we pooled data into
2-year periods and all analysis groups have significantly greater than 60 unweighted
participants which is the MEPS precision standards guideline defined cutoff.4 Only some
cycles of ophthalmic medication usage in the “Other” category, which were not analyzed,
fell below this threshold. Third, we were unable to account for over-the-counter
prescriptions which likely resulted in an underestimation of total ophthalmic expenditures.
This effect may disproportionately impact lubricant and antihistamines/decongestant
ophthalmic medication classes. Lastly, we were unable to identify the source of out of
pocket payments including whether they were derived from copayments, coinsurance
payments or deductibles. Future investigation of OOP costs by source will be valuable to
identify changes in health plan costs to beneficiaries.
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In summary, we found that despite increasing total expenditures for ophthalmic medications,
Americans are incurring less out-of-pocket costs for prescription eye drugs. Furthermore, the
elderly, uninsured and visually impaired continue to face significantly higher OOP costs.
These findings suggest that recent policy efforts to improve prescription drug coverage may
be successfully reducing out-of-pocket spending for most Americans, an important step in
improving the affordability and accessibility of medications. However, these measures may
be inadequate in reducing OOP costs for certain demographic subgroups and addressing
total ophthalmic drug expenditure. Continued growth in ophthalmic drug spending may
ultimately increase patient costs in the form of increased premiums, decreased coverage of
clinical services, and greater OOP spending for clinical care.
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Figure 1.
Per capita expenditures of MEPS participants 18 years of age and older on ophthalmic

medications from 2007-2016 by total and out-of-pocket expenditure. Total expenditures
were the sum of payments from all payers (including the participant, insurance and other
sources) for a given prescription. Out-of-pocket expenditures were a respondent’s self-paid
amount for a given prescription after manufacturer discounts or rebates if applicable. P-
values indicate the association between per capita expenditure and year by weighted linear
regression.
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Figure 2.
Per capita total (A) and out-of-pocket (B) expenditures of MEPS participants 18 years of age

and older by users of different ophthalmic drug classes from 2007-2016. Total expenditures
were the sum of payments from all payers (including the participant, insurance and other
sources) for a given prescription. Out-of-pocket expenditures were a respondent’s self-paid
amount for a given prescription after manufacturer discounts or rebates if applicable.
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Asterisks indicate significant trends on weighted linear regression (p<0.05). Abbreviations:
MEPS, Medical Expenditure Panel Survey; NSAIDs, non-steroidal anti-inflammatory drugs.
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Socioeconomic and demographic characteristics of adult MEPS participants from 2007-2016 by usage of
ophthalmic medications.

Total Population  No Ophthalmic Use  Ophthalmic Use P-valueT
No. of MEPS participants 237,363 227,374 9,989
No. of Weighted Individuals, millions  2,357.2 2,248.5 108.7
Parameter, %
Gender <0.001
Female 51.7 51.3 59.7
Male 48.3 48.7 40.3
Age (SE), y 46.8(0.2) 46.0 (0.2) 61.5 (0.3) <0.001
Age category <0.001
18-39 38.7 39.9 14.6
40-64 43.1 435 34.6
65 and over 18.2 16.6 50.9
Race/ethnicity <0.001
Non-Hispanic White 66.1 65.8 735
Non-Hispanic Black 11.6 11.6 10.9
Non-Hispanic Asian 5.2 5.2 4.3
Hispanic 14.8 15.0 9.7
Other 24 24 17
Insurance status <0.001
Uninsured 13.6 14.1 3.4
Private 56.3 57.2 373
Medicaid 7.3 7.5 3.8
Any Medicare 20.7 19.1 54.2
Other (public/private) 2.2 2.2 13
Family income level <0.001
<100% FPL 12.0 12.1 9.6
100-124% FPL 4.3 4.2 5.1
125%-199% FPL 13.3 13.3 13.2
200-399% FPL 29.8 29.9 28.1
>400% FPL 40.7 40.5 44.0
Region 0.006
Northeast 18.2 18.1 204
Midwest 215 214 22.7
South 37.0 37.1 355
West 23.3 234 21.4
Visually impaired <0.001
No 94.9 95.4 85.7
Yes 5.1 4.6 14.3
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fDenotes comparison between non-ophthalmic use and ophthalmic use population by Pearson XZ for categorical variables and student’s t-test for
mean age.

Abbreviations: MEPS, Medical Expenditure Panel Survey; SE, standard error; FPL, federal poverty line
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Per capita ophthalmic medication expenditure of adult MEPS participants using any ophthalmic medication by
ophthalmic medication class from 2007-2016 (adjusted for inflation to 2016 GDP Price Index).

Total expenditure, $ (SE)

2007-2008 2009-2010 2011-2012 2013-2014 2015-2016 Slope P value s
All ophthalmic 339.15(15.97) 431.47 (23.21) 388.51 (26.69) 383.78 (29.39) 499.42 (32.94) 27.72 0.002
medications
Dry eyes 602.40 (75.43) 985.78 (96.60) 1,078.70 (140.89) 1,183.27 (156.10) 1,872.80 (197.92) 287.67 <0.001
Glaucoma 667.09 (33.44) 758.55 (42.06) 677.84 (62.41) 600.85 (72.20) 686.38 (69.46) -12.40 0.5
Steroids 88.86 (5.02) 106.79 (11.72)  99.40 (9.70) 157.83 (11.83) 211.75 (18.08) 30.64  <0.001
Lubricants 45.85(10.60)  41.09 (6.60) 35.38 (3.67) 44.15 (5.71) 29.01 (2.30) -3.41  0.09
Antihistamines/ 122.65(13.55) 160.68 (16.08)  119.51 (15.72) 113.64 (14.20) 185.76 (27.28) 7.47 0.30
decongestants
NSAIDs 208.17 (22.77)  209.94 (40.78)  169.78 (28.59) 222.90 (27.88) 239.58 (28.01) 9.26 0.39
Anti-infectives 62.07 (4.31) 95.04 (8.22) 78.52 (8.12) 87.90 (7.70) 70.73 (5.65) 0.72 0.71
Other 34.75 (6.40) 42.74 (16.04)  78.01(31.17) 127.91 (41.05) 135.98 (24.19) 28.79 <0.001

Qut-of-pocket expenditure, $ (SE)

2007-2008 2009-2010 2011-2012 2013-2014 2015-2016 Slope P value s
All ophthalmic 133.63(8.54)  126.48(8.29)  106.50 (8.61) 90.60 (7.51) 96.67 (7.84) -10.82 <0.001
medications
Dry eyes 12251 (25.27) 137.68 (19.06) 152.24 (27.75) 207.61 (45.85) 194.00 (54.30) 20.52 0.18
Glaucoma 273.21(20.93) 230.99 (19.26) 187.02 (23.94) 141.94 (17.25) 146.15 (15.05) -34.11 <0.001
Steroids 43.91 (3.44) 40.48 (3.97) 37.53 (4.57) 41.03 (4.62) 57.56 (6.35) 3.07 0.08
Lubricants 13.76 (3.52) 17.88 (3.65) 15.17 (3.00) 13.85 (2.60) 12.64 (1.26) -0.78  0.32
Antihistamines/ 35.26 (3.32) 48.28 (6.04) 37.72 (5.36) 24.37 (3.91) 30.51 (5.20) -3.60 0.02
decongestants
NSAIDs 83.10 (10.69)  70.11(11.42)  57.59 (8.05) 57.60 (9.55) 59.41 (8.66) -5.48  0.11
Anti-infectives 34.89 (2.99) 37.61 (3.14) 31.48 (2.59) 29.41 (2.98) 25.22 (3.01) -2.79  0.004
Other 20.32 (3.53) 33.51(16.70)  72.80 (30.36) 41.51 (12.48) 50.32 (12.59) 6.16 0.09

fSignificance denotes association between drug-class expenditure and year effect by linear regression

Abbreviations: MEPS, Medical Expenditure Panel Survey; SE, standard error; NSAIDs, non-steroidal anti-inflammatory drugs; GDP, Gross

Domestic Product
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Table 3.

Multivariable weighted linear regression of factors associated with total and OOP per capita expenditure for
ophthalmic medications among adult MEPS participants using any ophthalmic medications.

Total Expenditure

Out-of-pocket Expenditure

Multivariable analysis p ($) (95% CI)  P-value Multivariable analysis g ($) (95% Cl)  P-value

Cycle 23.55 (5.02 to 42.08) 0.03 -10.84 (-16.50 to -5.18) <0.001
Gender

Male 1 [Reference] 1 [Reference]

Female 31.96 (-22.32 to 86.24) 0.50 1.35(-15.49 to 18.19) 0.99
Age category

18-39 1 [Reference] 1 [Reference]

40-64 178.84 (131.59 to 226.08) <0.001  47.55(33.48t0 61.62) <0.001

65 and over 221.63 (114.70 to 328.56) <0.001 101.41 (75.20 to 127.63) <0.001
Race/ethnicity

Non-Hispanic White 1 [Reference] 1 [Reference]

Non-Hispanic Black 36.25 (-20.99 t0 93.49) 0.42 -5.24 (-21.85t0 11.37) 0.99

Non-Hispanic Asian 58.93 (-37.90 to 15.77) 0.46 -18.42 (-40.31 to 3.47) 0.28

Hispanic 55.51 (-26.09 to 137.11) 0.36 -23.89 (-39.16 to -8.62) 0.004

Other 181.52 (—-38.85 to 401.89) 0.21 11.76 (—39.90 to 63.42) 0.99
Insurance status

Uninsured 1 [Reference] 1 [Reference]

Private 117.77 (61.28 to 174.27) <0.001 -25.35(-51.86to —1.18) 0.10

Medicaid 28.67 (-39.85 t0 97.20) 0.82 -50.89 (-79.51 to —22.28) <0.001

Any Medicare 252.76 (154.16 to 351.36) <0.001  -34.14 (-64.59 to —3.68) 0.05

Other (public/private)  78.89 (-124.95 to 282.73) 0.90 -34.26 (~78.18 t0 9.65) 0.25
Family income level

<100% FPL 1 [Reference] 1 [Reference]

100-124% FPL -57.19 (-150.70 to 36.31) 0.46 4.00 (-20.60 to 28.60) 0.99

125%-199% FPL -41.85 (-129.82 to 46.13) 0.70 40.10 (13.21 to 66.99) 0.02

200-399% FPL -53.19 (-129.50 to 23.12) 0.34 29.81 (12.66 to 46.95) 0.002

>400% FPL 16.60 (—74.92 to 108.12) 0.99 49.52 (29.35 to 69.69) <0.001
Region

Northeast 1 [Reference] 1 [Reference]

Midwest -141.84 (-262.53 to —21.16) 0.04 -40.73 (-78.27 to —2.01) 0.08

South -152.56 (—268.14 to —36.44) 0.02 -47.19 (-84.59 to -11.93) 0.02

West -177.35 (-301.64 to —53.06) 0.01 -50.10 (-87.63 to —12.56) 0.02
Visually impaired

No 1 [Reference] 1 [Reference]

Yes 208.24 (59.15 to 357.34) 0.01 91.79 (51.44 to 132.13) <0.001

Abbreviations: MEPS, Medical Expenditure Panel Survey; OOP, out-of-pocket, Cl, confidence interval; FPL, federal poverty line

Ophthalmology. Author manuscript; available in PMC 2021 October 01.



	Abstract
	Introduction
	Methods
	Data Source
	Ophthalmic Medication Utilization and Expenditure
	Demographic Covariates
	Statistical Analysis
	Results
	Trends in National Ophthalmic Expenditures
	Trends in Per Capita Ophthalmic Expenditures
	Trends in Per Capita Expenditures by Ophthalmic Drug Class
	Predictors of Greater Per Capita Expenditure
	Discussion
	Limitations
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.

