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Purpose: To estimate the healthcare resource utilization (HCRU) and costs for patients with
normal tension glaucoma (NTG) as well as their payers across various levels of disease
severity.

Patients and Methods: Our study was a retrospective cohort study of 6330 US NTG
patients. Patients were enrolled if they were 40 years or older and had two or more qualifying
NTG diagnoses within the enrollment period, October 1st, 2015 to December 31st, 2017. Our
analysis was carried out for two cohorts — those with unilateral disease and those with
bilateral disease. Baseline demographic and clinical characteristics were assessed for a 12-
month pre-index period. The follow up period was 12-months post-index. We employed
generalized linear models to model HCRU and costs.

Results: Patients with severe, bilateral disease, filled more than two additional prescriptions
annually (2.5, p<0.001, 95% CI [2.0, 3.1]) when compared to their mild counterparts and
accounted for 111 (p<0.001, 95% CI [83.5, 139.1]) extra days of supply of glaucoma
medications. These patients face an adjusted $187 (p<0.001, 95% CI [145, 229]) more out-
of-pocket (OOP), and payers an additional $598 (p<0.001, 95% CI [$370, $826]), than their
counterparts with a mild diagnosis on an annual basis. Total annual payer costs, on average
(SD) for those with severe bilateral NTG were $1175 ($2222).

Conclusion: Our results suggest that patient and payer burden is significantly greater for
those with severe disease compared to those with mild NTG. The excess burden is attributed
to additional HCRU and the associated financial burden. Payers experienced a much larger
financial burden from patients with severe disease compared to those with mild NTG.
Approximately half of the cost differences can be attributed to additional prescription use.
Keywords: healthcare resource utilization, normal tension glaucoma, low tension glaucoma,
healthcare costs

Introduction

Normal tension glaucoma (NTG), sometimes referred to as low tension glaucoma,
is an optic neuropathy characterized by structural damage to the optic nerve
associated with visual field dysfunction.! NTG often presents with glaucomatous
optic nerve head damage, progressive retinal nerve fiber layer thinning, character-
istic visual field defects, open anterior chamber angles, and a maximum intra-ocular
pressure (IOP) below 21 mmHg.” NTG is a type of open angle glaucoma (OAG).
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Despite having “normal” ranges of IOP (<21 mmHg), the
Collaborative Normal Tension Glaucoma Study Group
demonstrated that a 30% reduction in IOP slowed disease
progression for patients with NTG. Therefore, the treat-
ment regimens are generally the same for NTG as OAG
and are targeted toward reducing IOP, regardless of the
patient’s baseline.’

In 2013, the global prevalence of glaucoma was esti-
mated to be 64.3 million, with projections into 2040
expecting a 74% increase to 111.8 million people affected
worldwide.* Less is understood about the prevalence of
NTG, though the Beaver Dam Eye study estimated that
approximately one-third of OAG diagnoses could be clas-
sified as NTG while a Japanese study estimated that NTG
accounts for 92% of that country’s glaucoma cases.>*

Annual costs of glaucoma reported in one 2006
European study ranged from €455 to €969 from the early
to late-stage glaucoma, respectively.” The total attributable
economic burden in the US has been estimated at
$7.6 billion, which was estimated to be $2841 per-patient
in 2013 dollars.® Though much is known about the general
costs of glaucoma, less has been done to characterize
healthcare resource use (HCRU) and the associated costs
for patients with NTG. This study will be the first to
address this gap by characterizing HCRU and costs of
patients with NTG by severity and laterality.

Patients and Methods

We used administrative claims data from the IBM®
MarketScan® Commercial and Medicare Supplemental
databases which, in 2018 contained healthcare data for
more than 41.2 million covered individuals. From this
database, we examined a retrospective cohort of 6330
US prevalent patients, 40 years or older on the index
date with a diagnosis of NTG (low-tension glaucoma,
International Classification of Diseases, Version 10,
[ICD-10] H40.1211-4). A patient’s index date was the
first of their two outpatient diagnoses in any position,
with the second being within 365 days after the first, or
one inpatient diagnosis, each for NTG. Included patients
were required to be at least 40 years of age at the end of
their index year and have at least 12 months of contin-
uous enrollment pre- and post-index date. Excluded
patients were those who had a glaucoma diagnosis
other than OAG (ICD H40.0, H40.2, H40.3-6, or
H40.8-9) within 12 months prior to the patient’s index
date or those not meeting the inclusion criteria.

The cohort was stratified into eight subgroups by later-
ality of (unilateral versus bilateral) disease, and within
those categories, stratified by levels of severity — mild,
moderate, severe, or indeterminate based on their diagno-
sis. Levels of severity were established using the 7-digit
ICD-10 codes. Patients with unspecified NTG (ICD
H40.1210) were excluded from the analysis. The time
period for possible index dates spanned from
October Ist, 2015, to December 31st, 2017, with the full
data set containing dates from October 2014 to
December 2018. HCRU and costs were estimated for a 12-
month period following the index date.

Definition of Outcomes

Outcomes were classified as either an office visit or pre-
scription metric. Utilization and costs were assessed for
each. Office visits were further stratified into three cate-
gories: eye-related, NTG-related, or procedure-related
office visits. Eye-related visits were intended to be the
broadest category our data could represent. Resources
defined as eye-related were any visit associated with an
eye-care provider (ie, ophthalmologist or optometrist),
associated with an NTG diagnosis code, or associated
with an OAG surgical/laser procedure or complication
(Supplementary Table S1). NTG-related outcomes were

defined as a subset of eye-related outcomes and repre-
sented only visits with an NTG diagnosis or procedures,
rather than the larger set, which included any visit asso-
ciated with an eye-care provider, as well. Procedure-
related office visits were also a subset of eye-related visits,
which were at least associated with a glaucoma procedure
and represented the narrowest category of our data.
Prescription metrics were days’ supply and unique pre-
scription fills, which indicated glaucoma-related prescrip-
tion counts within the 12-month follow-up.

Healthcare Resource Utilization

HCRU was defined as counts for all office visits and as
days’ supply and number of fills for glaucoma-related
prescriptions.

Costs

Costs were assessed for all our outcomes as well as total
costs, which were defined as the sum of NTG-related
office visits and glaucoma-related prescriptions. Costs
were further categorized as being patient or payer-
related. Patient-related costs were those incurred by the
patient and were defined as the sum of the patient’s co-pay,
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co-insurance, and deductible costs. Payer-related costs
were total payments made by the health plan to healthcare
providers.

Finally, payer and patient costs are reported “per user”,
indicating that only patients with non-zero costs for
a given cost component were included in the denominator
(ie, those that did not fill a prescription were not included
in prescription costs). Costs were estimated as 2019 US
dollars using the Bureau of Labor Statistics’ Consumer
Price Index for medical care commodities to inflate costs
accordingly.’

Statistical Analysis

Descriptive statistics were calculated to assess differences
in baseline characteristics among all study cohorts.
Categorical variables were summarized using frequencies
and percentages, continuous variables were summarized
using means and standard deviations.

Office visits were analyzed using generalized linear
models with a Poisson distribution. To address the over-
dispersion found in prescription counts, we relaxed the
Poisson assumption and modeled those counts with nega-
tive binomial models. For cost outcomes, we fit general-
ized linear models using a gamma distribution for each. To
describe incremental office visits by severity, we extracted
predicted probabilities while holding all other variables at
their mean using the margins command with all models
using mild severity as the referent category.

All outcomes were evaluated using unadjusted and
adjusted models with the adjustment variables being age,
sex, insurance type, region, and CCI, as defined by Quan
et al (Supplementary Tables S2 and g).“) The outcomes

reported are adjusted outcomes. To assess whether later-
ality modified the association between severity and costs,
we included an interaction term between the two variables
as a final and separate analysis.

For all statistical comparisons, we used a two-sided
alpha at a 5% significance level. SAS version 9.4 (SAS
Institute Inc., Cary, NC) was used for constructing the
analytic dataset and R version 3.5.2 (R Foundation for
Statistical Computing, Vienna, Austria) was used to con-
duct the statistical analyses.

The Truven MarketScan database is Health Insurance
Portability and Accountability Act of 1966 (HIPAA) com-
pliant and all data are de-identified. The study did not
require Institutional Review Board (IRB) review and
approval, as the study protocol did not meet the federal
definition of “human subjects research,” as determined by

the  University Human

Division IRB.

of  Washington Subjects

Results

Patient Characteristics

Our cohort included 1707 patients and 4623 patients with
unilateral and bilateral disease, respectively. Most patients
were >60 years of age (71%) with a plurality of them in
Preferred Provider Organizations (PPO) (49%) and living
in the North Central or Southern Regions of the US (61%).
Approximately 60% were female and the average (SD)
CCI score ranged from 0.82 (1.4) to 0.94 (1.6) across
cohorts (Table 1) (Supplementary Table S4).

Healthcare Resource Utilization

Patients with mild disease generally had fewer office visits
than their moderate or severe counterparts across all cate-
gories within laterality cohorts (Figure 1) (Supplementary
Table S5), although, the effect size tended to be greater for
bilateral patients than their unilateral counterparts. On
average (SD), patients with mild disease in the bilateral
cohort experienced 4.1 (2.1) eye-related office visits and
5.9 (4.0) unique prescription fills in their year of follow-
up. Those with severe bilateral disease experienced 0.9 (p
<0.001, 95% CI[0.7, 1.1]) more office visits annually and
an additional 2.5 (p<0.001, 95% CI [2.0, 3.0]) unique
prescription fills. Patients in the unilateral cohort experi-
enced similar trends.

The relationship between severity and prescription fills
was modified by laterality. For patients with unilateral
disease, the effect of severity of disease on prescription
fills was approximately 82% (95% CI [73, 93]) compared
to those with bilateral disease. The same was true for days
of prescription supply.

Direct Healthcare Costs

Patient-related and payer-related costs were significantly
greater for patients with severe disease compared to those
with a mild form of NTG for most cost components
(Figure 2) (Supplementary Table S6). Similar to resource

utilization, the trends were generally the same between
both the unilateral and bilateral cohort, with the unilateral
cohort having a lesser effect size.

Office Visits

Both payers and patients in the severe, bilateral, cohort
had significantly higher annual costs for visits compared to
the mild referent. Patients with mild disease in the bilateral
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Table | Sociodemographic and Clinical Characteristics of Patients with Normal Tension Glaucoma by Laterality and Severity

Characteristics Unilateral Bilateral
Mild Moderate Severe Mild Moderate Severe
(n=1727) (n =581) (n =249) (n =2149) (n =1420) (n = 542)

Age, years, mean (SD) 67 (12) 68 (12) 70 (13) 66 (12) 69 (12) 71 (13)
Male, n (%) 280 (39) 258 (44) 102 (41) 870 (41) 585 (41) 229 (42)
US Region, n (%)

Northeast 172 (24) 139 (24) 55 (22) 505 (24) 377 (27) 139 (26)

North Central 215 (30) 176 (30) 91 37) 600 (28) 364 (26) 161 (30)

South 220 (30) 178 (31) 71 (29) 773 (36) 487 (34) 170 (31)

West 119 (16) 88 (15) 32 (13) 269 (13) 191 (14) 72 (13)
Type of Insurance, n (%)

Basic 192 (26) 160 (28) 82 (33) 472 (22) 366 (26) 162 (30)

PPO/EPO 351 (48) 273 (47) 120 (48) 1113 (52) 732 (52) 268 (50)

Other 184 (25) 148 (26) 47 (19) 564 (26) 332 (23) 112 (21)
Prevalence of Comorbid Conditions, n (%)

Non-exudative AMD 43 (6) 50 (9) 19 (8) 168 (8) 111 (9) 62 (1)

Exudative AMD 12 (2) 7 (1) 7 (3) 20 (1) 23 (2) 11 (2)

Diabetic Retinopathy 6 () 8 (I) 2 (1) 40 (2) 23 (2) 14 (3)

Anxiety 47 (7) 32 (6) 10 (4) 141 (7) 104 (7) 26 (5)

Depression 40 (6) 35 (6) 11 (4) 146 (7) 95 (7) 29 (5)
CClI Score, n (%)

0 456 (63) 376 (65) 160 (64) 1323 (62) 867 (61) 317 (59)

| 120 (17) 85 (I5) 29 (12) 347 (16) 209 (15) 82 (15)

2 84 (1) 6l () 30 (12) 281 (13) 183 (13) 84 (16)

3+ 67 (9) 59 (10) 30 (12) 198 (9) 161 (11) 59 (1)
CCI Score, mean (SD) 0.85 (1.6) 0.80 (1.5) 0.9 (1.6) 0.82 (1.4) 0.89 (1.5) 0.94 (1.6)

Abbreviations: AMD, age-related macular degeneration; CCl, Charlson Comorbidity Index; CDHP, consumer-driven health plans; EPO, exclusive provider organization;

PPO, preferred provider organization; SD, standard deviation.

cohort accounted for an average (SD) of $514 ($1941) in
payer costs for eye-related visits in the year of follow-up.
For severe patients, payers harbored an additional $313
(p<0.01, 95% CI [80, 546]) in costs for eye-related visits
annually.

Likewise, patients with severe disease experienced
additional out-of-pocket (OOP) expenses compared to
those with mild disease. Patients with bilateral mild dis-
ease on average incurred $235 ($319) associated with eye-
related office visits annually. Those with severe disease
incurred $125 (p<0.001, 95% CI [78, 172]) in additional
adjusted costs when compared to those classified as having
a mild form of NTG.

Glaucoma Prescriptions
Payers of patients associated with both laterality cohorts
had significantly higher annual costs for prescriptions.

Approximately 98% of patients in the unilateral and 97%
in the bilateral cohort had at least one prescription filled.
In the bilateral category, for those that had at least one
prescription, payers incurred an additional $265 (p<0.001,
95% CI [140, 390]) in prescription costs for severe
patients above their mild patients’ average (SD) of $349
(606). Similarly, patient OOP costs were greater for
patients with severe disease compared to those with mild
NTG across both laterality groups. In the bilateral group,
patient OOP costs were $87 (p<001, 95% CI [57, 117])
greater than their mild referent group, who spent $131
($185) on average (SD) per year.

Total Costs

Total costs reflected results found in other cost compo-
nents. Payers and patients both experienced greater costs
for those with severe NTG compared to their referent, in
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Figure | Estimating annual healthcare resource utilization by disease severity and laterality.
Notes: “Mild” severity represents our referent category, “moderate” and “severe” severity grades are adjusted estimates, “Unique Rx Fills” represent fills for those with at

least | prescription.
Abbreviations: NTG, normal-tension glaucoma; Rx, prescription.

both laterality cohorts. Payers in the bilateral cohort spent
an average (SD) of $659 ($1745) per patient on total direct
costs incurred by mild patients. Costs were $598 (p<0.001,
95% CI [370, 826]) greater for severe NTG patients in the
same cohort. Patient OOP costs were $304 ($319) on
average for those with mild NTG in the bilateral group.
These costs were $187 (p<0.001, 95% CI [145, 229])
greater for the severe counterpart.

We did not find laterality to have a relevant, or statis-
tically significant, impact on any cost component as it
relates to the effect of disease severity on payer-related
costs (Supplementary Table S7).

Discussion
We evaluated the HCRU and costs of patients with NTG
over levels of disease severity, stratified into two cohorts,
bilateral and unilateral disease. Patients with more severe
diagnoses in both cohorts consistently experienced
a greater burden of HCRU and costs. Payer costs followed
a similar trend with a greater effect size in most cases.
Patients with severe disease were only estimated to experi-

ence an increase in any office visit by approximately 0.9 visits

annually, at most. This may not be considered clinically sig-
nificant; however, for patients with visual impairments, any
increase in office visits could create an additional burden, both
economically and psychologically, for both patients and their
caregivers - a cost that was not captured in our analysis. The
most notable increases in HCRU were tied to glaucoma-
related prescription use. This burden is exacerbated by the
fact that those with glaucoma often have other comorbidities,
potentially making eye-drop use challenging.

Patient-related healthcare costs were significantly higher
for all components when comparing those with severe dis-
ease to patients with mild NTG. The largest estimate demon-
strated that total OOP costs were $187 greater annually for
patients with severe, bilateral disease, compared to those
with mild disease in the same cohort. Payers of these patients
face an additional $598 annually. Alone, annual additional
costs of $187 for patients and $598 for payers are mean-
ingful. These costs are magnified by the fact that the US is
expected to have 3 million people with OAG by 2020.'2

Though no cost or utilization studies have been published
for patients with NTG, results from other studies examining
broader classifications of glaucoma, including glaucoma
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NTG-Related Office Visits and Glaucoma Prescriptions, “Glaucoma Prescriptions” represent fills for those with at least | prescription.

Abbreviation: NTG, normal-tension glaucoma.

suspect, ocular hypertension, and all open angle glaucoma,
largely coincide with our findings. One such study by
Traverso et al agreed with our findings — describing patients
with more severe disease as having greater total costs, with
medication expenditure accounting for approximately half of
that cost.” Another study by Lee et al described a similar
trend in resource utilization for patients with glaucoma.''
Patients in this study with more severe glaucoma had higher
counts for office visits and medication use compared to
patients with a less severe diagnosis. Both studies mentioned
use of chart reviews to acquire their data as well as broad
classifications of glaucoma.

Much work has been done to understand the HCRU
and costs attributed to patients with glaucoma; however,
less is known about patients with NTG, specifically. Our
research is the first to estimate annual HCRU and costs for
those patients.

Strengths and Limitations
The primary limitation of our claims analysis was the lack

of supporting clinical information regarding treatment

patterns beyond laterality and severity — items such as
IOP measurements or visual field data. Additionally, for
those over 65 years, our data represents those with
Medicare supplemental insurance and those otherwise
commercially insured. Thus, the included population is
not representative of a true Medicare population nor
does it reflect patients enrolled in Medicaid. We anticipate
this to bias our estimates to the null given that we are
likely selecting a healthier population at baseline. Further,
the estimates within our paper are likely understating the
true burden of disease, and do not account for indirect
costs incurred by patients, or direct and indirect costs
realized by caregivers. The total costs reflect NTG-
related costs and glaucoma-related prescription costs;
however, eye-related costs, the broader category of eye-
care costs, were approximately $200 greater on average
for payers across all severity levels and thus our calcula-
tion of total costs is conservative. Another limitation may
be the miscoding of ophthalmic prescription medications.
Glaucoma medications are frequently packaged within
bottles or droppers. Often our data represented a fill of
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a particular drop as a one-day supply. Therefore, reporting
the days’ supply for glaucoma medications potentially
biases our estimate towards the null as well. For this
reason, we reported both days’ supply and drug fills in
our resource utilization estimates.

A final strength, and limitation, of this study relies on
a more exacting 7-digit medical code introduced in the
ICD-10 updates, which allowed us to stratify our patients
not only by severity but also by disease laterality. Disease
laterality became an important factor in understanding
potential interactions in our data and provide a more com-
prehensive characterization and comparison of our patient
population; however, more specific medical coding intro-
duces more opportunity for input error.

Conclusion

Our results suggest that patient burden is higher for those
with severe and moderate disease compared to those with
mild NTG. The excess burden is not only attributed to addi-
tional HCRU, but also by a higher financial burden, which
accompanies the higher resource use. Patients were not alone
as payers experienced a much larger financial burden from
patients with severe and moderate disease compared to those
with mild NTG. Approximately half of the cost differences
can be attributed to additional prescription burden.

As noted above, these estimates are likely understating
the true burden of disease, and do not account for indirect
costs incurred by patients, or direct and indirect costs rea-
lized by caregivers. As such, our estimates should serve as
a minimum estimate for HCRU and costs of US patients 40
years and older diagnosed with normal tension glaucoma.

Abbreviations

CPI, consumer price index; HCRU, healthcare resource
utilization, HIPAA, Health Insurance Portability and
Accountability Act; ICD-10, international classification
of diseases, tenth revision; IRB, institutional review
board; NTG, normal-tension glaucoma; OAG, open-angle
glaucoma; OOP, out-of-pocket; PPO, preferred provider
organization; SD, standard deviation.
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