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ABSTRACT

BACKGROUND: Reported adherence rates with ocular hypotensive medica-
tions typically range from 51% to 56% over the first year of therapy. As
intraocular pressure (I0P) reduction slows the progression of vision loss
from glaucoma, early identification of nonadherent members is crucial to
effective disease management.

OBJECTIVES: To (a) identify member characteristics and other factors
related to nonadherence with topical I0P-lowering medications available in
administrative claims data and (b) create a predictive model incorporating
these variables.

METHODS: This retrospective cohort study analyzed data from Humana’s
administrative claims database. The study cohort included members aged
65-89 years enrolled in a Medicare Advantage Prescription Drug plan
(MAPD; medical and pharmacy benefits), with =1 topical I0P-lowering med-
ication claims between January 2011 and September 2012 and a minimum
of 24 months of continuous enrollment—12 months before and 12 months
after the initial (index) prescription claim for a topical I0P-lowering medica-
tion. Adherence was defined as the proportion of days covered (PDC) with
drug supply (calculated from the number of drops per bottle and dose) over
the first year after the index prescription. Members with PDC =0.80 were
considered adherent, while members with PDC < 0.80 were considered non-
adherent. Multivariable stepwise logistic regression with backward elimina-
tion was used to construct a predictive model for the likelihood of nonadher-
ence (PDC <0.80). The model was developed using 28 input variables—10
variables were retained in the final model.

RESULTS: 73,256 MAPD members were included in this study; most (69%)
of these members were continuing topical IOP-lowering medication users.
The proportion of patients adherent (PDC=0.80) to IOP-lowering medica-
tions was 51%. The study sample was split, using a 2:1 ratio, into a devel-
opment sample (n=48,840 members) and a validation sample (n=24,416
members). The model performed equally well in the development sample
and the validation sample (area under the curve=0.71 for development and
validation sets), making it appear robust in this Medicare population. In the
final predictive model, characteristics increasing the likelihood (P<0.01)

of nonadherence to I0P-lowering medication within the MAPD population
included index IOP prescription filled through mail order, higher medical
costs during the pre-index period, being a new I0P-lowering medication
user, and being male. Characteristics that lowered the likelihood of nonad-
herence included advanced age, higher pharmacy costs during the pre-index
period, receiving a low-income subsidy, residing in the South, and a previ-
ous diagnosis of open-angle glaucoma or history of glaucoma surgery.

CONCLUSIONS: Nonadherence to topical IOP-lowering medication can be
predicted with 10 commonly available demographic, clinical, and treat-
ment-related variables generally available in administrative claims data
for an MAPD population. Given that this predictive model was constructed
using these generally available data, it could potentially be replicated

by other health plans for use in predicting nonadherence to topical

10P-lowering medications among MAPD plan members. This predictive
model can be used to identify members that are likely to be nonadherent in
order to target interventions intended to improve ocular hypotensive medi-
cation adherence.
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What is already known about this subject

Poor adherence is a common problem among patients treated
with topical ocular hypotensive medications.

Examination of adherence to ophthalmic topical intraocular
pressure-lowering medications presents a unique challenge for
calibration of days supply from prescription claims data.

Days supply calculations using the pharmacy claims-based “days’
supply” field can underestimate the actual available medication
in the bottle; drop count studies give a more accurate estimate of
actual product available in the bottle.

What this study adds

A predictive model can be developed using medical and phar-
macy data generally available in administrative claims to identify
potentially nonadherent members to topical intraocular-lower-
ing medications.

Application of drop count methodology to determine days supply
of eye drops in claims data allowed for a more accurate calculation.

anagement of chronic diseases such as glaucoma, dia-

| \ / | betes, and hypertension are problematic for insurance
plans from an adherence perspective because patients

are typically asymptomatic until later stages of the disease.!
When patients are without symptoms, they may not realize
the importance of daily adherence to therapy. Glaucoma is a
particularly serious problem for the elderly. The prevalence of
glaucoma is almost 3 times as high in the population aged over
65 years (6.1% vs. 1.9%), with increasing prevalence as age
increases.? In the United States, approximately 1 million people
aged over 65 years have vision loss associated with glaucoma,
and the prevalence of this disease is expected to increase, since
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the number of people over age 65 is predicted to more than
double by 2030.°

The 2 types of glaucoma are open-angle and acute angle-
closure.* With open-angle glaucoma, symptoms can include
peripheral blind spots and tunnel vision and typically progress
slowly without indication of vision loss until the disease is
very advanced, while acute angle-closure glaucoma can pres-
ent with severe headache, eye pain, blurred vision, eye redness
and may appear suddenly and painfully.* The prevalence of
open-angle glaucoma increased from 0.7% at age 40 to 7.7%
for those over age 80 in the United States.” The only modifiable
risk factor for both types of glaucoma is intraocular pressure
(IOP). Patients who are noncompliant to topical IOP-lowering
medications are more likely to have worse visual outcomes or
partial vision loss.®” Lack of compliance can also lead to an
increase in health care costs.®

Two thirds of Medicare beneficiaries have multiple chronic
conditions, and the prevalence of multiple chronic conditions
proliferates with age.®® These complexities compound the
risk for poor outcomes and functional limitations, emphasiz-
ing the importance of patient education and the significance
of adherence to further prevent disease progression. Studies
using a variety of methodologies, including retrospective
analyses of pharmacy claims data, patient chart reviews,
patient self-reports, and clinical data, reveal that patients are
not taking their IOP-lowering medications as intended.!"!"®
In fact, adherence with ocular hypotensive medications typi-
cally ranges from 51% to 56% over the first year of therapy.'
In a systematic review by Reardon et al. (2011), 1 study based
on prescription records found that only 56% of the days in the
first year of therapy could be dosed with the medication supply
obtained by patients in a 1-year time period.!

Studies have examined predictors of adherence to IOP-
lowering medications using a variety of measures.!"'*!* Chang
et al. (2013) found predictors of nonadherence to prostaglan-
dins to be younger age, black race, worse general health status,
shorter duration of glaucoma medication therapy, lower self-
reported adherence, and admitting to not following doctors’
orders."* However, this study required data collection from
patients, including an electronic cap monitoring system for
adherence monitoring, was limited to prostaglandins, and
additional survey measures were collected and included as
predictors. In a study using claims data and a drop count meth-
odology, factors associated with nonadherence to topical glau-
coma medications included the use of glaucoma medications
requiring 2 or more administrations per day and the presence
of other medications in the patients’ drug regimens."" However,
this study was limited to the New Jersey Medicaid population
and treatment patterns may differ and not be generalizable.

The difficulty of identifying nonadherent patients based
on demographic and clinical characteristics has been demon-
strated by previous studies, which have also shown that the

use of automated prescription data to identify noncompliant
patients is feasible only in large managed health care insurance
programs where data are collected routinely for administra-
tive purposes.!*!® There is little empirical evidence to identify
members who are likely to be nonadherent to topical IOP-
lowering medications that can be used by clinicians to help
manage members on IOP-lowering therapy. While previous
studies have examined predictors of nonadherence in topical
glaucoma therapies, this study examines variables common to
administrative claims, such as gender, age, geographic location,
and medical history. These variables can be easily ascertained
by clinicians and replicated by other health plans, since the
model in this study was developed using a large U.S. man-
aged care database. We report the development of a predictive
model that encompasses these variables to identify potentially
nonadherent members. This model can help physicians and
managed care plans better identify patients who could benefit
from greater support for optimal therapy.

The objectives of this study were to (a) identify member
characteristics and other factors related to nonadherence with
topical IOP-lowering medications available in administrative
claims data and (b) create a predictive model incorporating
these variables.

Methods
Data Source
A retrospective study was conducted using the Humana
Research Database. This database contains integrated medical
claims, pharmacy claims, and enrollment data, representing
over 20 million current and former Humana members enrolled
in commercial, Medicare Advantage Prescription Drug (MAPD;
medical and pharmacy benefits), and prescription drug plans.
For this study, only the MAPD population was examined. The
full study period was from January 1, 2010, through September
30, 2013. The finalized protocol was approved by an indepen-
dent institutional review board.

Study Population

The study population consisted of MAPD members aged 65-89
years who filled at least 1 prescription for an IOP-lowering
medication between January 1, 2011, and September 30, 2012;
the index date was defined as the first prescription for an IOP-
lowering medication during this time frame. 1OP-lowering
medications included prostaglandin analogs, ophthalmic beta
blockers, alpha agonists, carbonic anhydrase inhibitors, fixed
ophthalmic combination products, and miotics (Table D).
Eligible members were required to have 24 months of con-
tinuous enrollment, which included 12 months before and 12
months after the index date. Members with at least 1 claim for
a long-term care facility, including assisted living, skilled nurs-
ing facility, nursing home, or hospice at any time during the
24-month observation period, were excluded.

www.jmep.org Vol 22,No. 7 July 2016 JMcP Journal of Managed Care & Specialty Pharmacy 809



Predictors of Nonadherence to Topical Intraocular Pressure Reduction Medications
Among Medicare Members: A Claims-Based Retrospective Cohort Study

Medical and Pharmacy Codes
Used for Study

Drug Class for
IOP-Lowering Medications

GPI-10 Codes

Alpha agonist

8660201010, 8660202010

Beta blockers, ophthalmic

8625001010, 8625001210, 8625001510,
8625002010, 8625003000, 8625003010

Carbonic anhydrase inhibitors

8680232000, 8680234010

Miotics

8650102000, 8650103010

Prostaglandin analogs

8633001500, 8633005000, 8633006500,
8633007000, 8633008510

Combination products

8625990215, 8625990220

Other

8650202010, 8660001000

Diagnosis Codes for
Pre-Index Variables

ICD-9-CM Codes

Hypertension 401.x, 402.x0, 403.xx, 404.x0, 404.x2,
405.xx

Hyperlipidemia 272.0-272.4

Diabetes 250.xx

Congestive heart failure 428.xx

Joint disorders

274.xx, 710.x, 712.x1-712 x4, 714.xx,
715.x1-715.x4, 718.x1-718.x4, 719.x1-719.x4

Muscle weakness/neuropathy/
movement disorders

306.xx, 307.3, 332.x-335.xx, 340-345.xX,
354.x, 356.x, 358.xx, 359.xx, 438.xX,
7104, 755.2x

Mental disorders

290.xx-299.xx, 300.12, 310.xx, 317, 318 x,
319, 330.x, 331.xx, 348.1, 758.0-758.3x

General glaucoma

365.xx

Open-angle glaucoma

365.1x

Procedure Codes for
Pre-Index Variables

CPT Codes

Eye exam

92002, 92004, 92012, 92014, 92018, 92019,
92081, 92082, 92083, 92140

Glaucoma-related eye exam

92081, 92082, 92083, 92140

Glaucoma surgery

65850, 65855, 66170, 66172, 66180, 66185

CPT =Current Procedural Terminology; GPI= Generic Product Identifier;
ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical
Modification; IOP =intraocular pressure.

Study Variables

Baseline demographics on the index date were examined and
included age, gender, race, and geographic region, as well as
plan type (e.g., health maintenance organization and preferred
provider organization) and receipt of a low-income subsidy.
Baseline clinical characteristics were assessed during the
12-month pre-index period. These characteristics included
comorbidities such as hypertension, hyperlipidemia, diabetes,
congestive heart failure, joint disorders, muscle weakness/
movement disorders (Parkinson’s disease, amyotrophic lateral
sclerosis, muscular dystrophy, epilepsy, cerebral palsy, multiple
sclerosis, and peripheral neuropathies), and mental disorders
(dementia, psychoses, Alzheimer’s disease, brain damage,
and drug or alcohol dependence), as well as glaucoma-related
measures including a glaucoma diagnosis or an open-angle
glaucoma diagnosis by an ophthalmologist, a glaucoma-related

eye exam, or glaucoma surgery (see Table 1 for diagnosis
and procedure codes). Pharmacy-based measures commonly
assessed in adherence analyses included whether a patient
was a new or continuing user of IOP-lowering medications
(alpha agonists, ophthalmic beta blockers, carbonic anhydrase
inhibitors, miotics, prostaglandin analogs, and combination
products; all members were classified as new users except
those whose index date was in 2011 and had a claim for IOP-
lowering medications within 12 months before the index
date); the distribution channel of the index script (whether
the prescription was retail or mail order); the source of the
index prescription (e.g., written, electronic, phone, and fax);
the formulary tier of the index prescription; the specialty and
gender of the prescribing physician of the index prescription;
Rx-Risk-V score (a prescription claims-based composite risk
score based on the number of unique medication fills using
the Generic Product Identifier [GPI))'?%; the number of unique
medications as measured by GPI drug group; and the number
of pharmacies visited for any medication fill. Total cost (health
plan cost plus out-of-pocket cost) was also evaluated for medi-
cal and pharmacy claims during the baseline period and was
adjusted to 2012 dollars. Cost variables were log-transformed
to control for high-end outliers.?!*

Days Supply

To account for the medication being dispensed in liquid form,
days supply was defined using the drop count methodology,
since claims-based estimates of days supply for eye drops are
known to be inaccurate.?® The days supply in pharmacy claims
is often reported as a fixed 30 or 90 days supply and can under-
estimate the actual amount of liquid available in the containers,
which are typically overfilled to a greater or lesser degree.'2>#*
An adjusted days supply specific to each medication and dose
was determined using the drop-count approach, a methodol-
ogy applied by several published studies.'’**#> These drop-
count studies determined the actual volume of drug solution
contained in commer-cially available bottles and the number
of drops dispensed from each bottle, generalizing per class
of medication and bottle size.''** Using data generated from
the use of these methods, adherence for each medication was
determined using adjusted days supply and the proportion of
days covered (PDC) method.

Adherence and PDC
Adherence was measured over the 12-month follow-up period,
including the index date, using PDC.?® Members were defined
as nonadherent if they filled <292 days of an IOP-lowering
medication in the year after the index date, which was equiva-
lent to PDC<0.80. The a priori definition of the adherence
cutpoint was 0.80.126:27

PDC was calculated using the following formula (switching
1OP-lowering medications was allowed): PDC = Total number of
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MAPD Sample Attrition Flow

MAPD members identified with a pharmacy
claim for an IOP-lowering medication
N=90,348

n=83,620
(92.6%)

\/

Excluded for having a stay in a long-term care facility
n=6,728 (7.4%)

Excluded because of age <65 years or age >89 years

n=74,960
(83.0%)

\/

n=8,660 (9.5%)

2 A

Excluded with <12 months pre-index or <12 months

\ 4

n=73,256
(81.1%)

/N

Development sample
n=48,840

Validation sample
n=24,416

\

N N

post-index continuous enroliment
n=1,704 (1.9%)

\

IOP=intraocular pressure; MAPD = Medicare Advantage Prescription Drug plan.

days for which medication was available to the member during
the 365-day assessment period divided by 365 days. For mem-
bers with overlapping prescriptions (i.e., having a prescription
filled before the days supply of the previous prescription ran out),
the PDC method adjusts the start date of the new prescription to
begin the day after the previous script’s days supply ended.

Statistical Analysis and Model Development

Descriptive statistics were reported for baseline demographics
and clinical measures. Multivariable logistic regression was
used to build a predictive model to identify the members with
the highest probability of being nonadherent to IOP-lowering
medications. The model was created on a development dataset
that was composed of two thirds of the eligible study popula-
tion. All variables assessed during the baseline descriptive
analysis were incorporated into the initial model. These
variables included member age, gender, race, and geographic
region; plan type; low-income subsidy; Rx-Risk-V composite
risk score; presence of hypertension, hyperlipidemia, diabetes,
congestive heart failure, joint disorders, muscle weakness/
movement disorders, mental disorders, or glaucoma; glaucoma
surgery, a glaucoma-related eye exam, or open-angle glaucoma
diagnosed by an ophthalmologist; number of physicians seen;

www.jmcp.org  Vol. 22, No. 7 July 2016

number of pharmacies used; new versus continuing users of
IOP-lowering medications; source of prescription, mail order
versus retail, formulary tier, prescriber gender, and prescriber
specialty for the index IOP-lowering prescriptions; and pre-
index medical and pharmacy costs (see Appendix, available
in online article). The goal was to build a parsimonious model
that would be applicable across managed care data sources.
To achieve this type of model, principal components analysis
was used to reduce the number of input variables.?® The final
predictive model was created using backwards-selection logis-
tic regression with a significance level of 0.01. The model was
validated on a validation sample consisting of the remaining
one third of the eligible population that was not used for model
development. Final model results were reported as odds ratios
(OR) and 95% confidence intervals (CD) for predictor variables
and c-statistics, as well as performance measures such as sen-
sitivity, specificity, and positive and negative predictive value at
varying probability thresholds.

Results
Attrition and Baseline Characteristics
A total of 73,256 MAPD members met all inclusion criteria for
the study (Figure 1). The mean age was 76 years (6.3 years);
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Baseline (Pre-Index| Patient Characteristics by Cohort

Development Cohort

Validation Cohort

Total Cohort

n % n ‘ % P Value? n %
Demographics
Number 48,840 24416 73,256
Age, years
65-69 9,259 19.0 4,694 19.2 13,953 19.0
70-74 12,500 25.6 0,378 26.1 18,878 25.8
75-79 11,796 24.2 5722 234 0.1925 17,518 23.9
80-84 9,752 20.0 4,885 20.0 14,637 20.0
85-89 5,533 11.3 2,737 11.2 8,270 11.3
Mean (SD) 76.0 (6.3) 75.9 (6.3) 0.1864 76.0 (6.3)
Median [range] 76 [65-89] 75 [65-89] ] 76 [65-89]
Gender
Male 20,887 42.8 10,282 42.1 0.0913 31,169 42.5
Female 27,953 57.2 14,134 57.9 ) 42,087 57.5
Race/ethnicity
Caucasian 34,290 70.2 17,045 69.8 51,335 70.1
African American 11,118 22.8 5,668 232 0.1796 16,786 229
Hispanic 1,956 4.0 1,014 4.2 2,970 4.1
Other/unknown 1,476 3.0 689 2.8 2,165 3.0
Geographic region
Northeast 783 1.6 396 1.6 1,179 1.6
Midwest 9,705 19.9 4,848 19.9 0.9970 14,553 19.9
South 34,611 70.9 17,296 70.8 ’ 51,907 70.9
West 3,741 7.7 1,876 77 5,617 77
Plan type
HMO 26,317 53.9 12,992 53.2 39,309 53.7
PPO 13,837 28.3 6,966 28.5 0.1621 20,803 284
Other 8,686 17.8 4,458 18.3 13,144 17.9
Low-income subsidy 7,753 15.9 3971 16.3 0.1751 11,724 16.0
Medical Characteristics
Comorbidities
Chronic conditions
Hypertension 35,346 724 17,761 72.7 0.2875 53,107 72.5
Hyperlipidemia 33,086 67.7 16,604 68.0 0.4760 49,690 67.8
Diabetes 17,235 353 8,752 358 0.1377 25,987 355
Congestive heart failure 3,342 6.8 1,642 6.7 0.5511 4,984 6.8
Physical/mental disabilities
Joint disorders 7,489 153 3,796 15.5 0.4506 11,285 154
Muscle weakness/neuropathy/ 5472 11.2 2,773 114 0.5358 8,245 113
movement disorders
Mental disorders 4,826 9.9 2,547 104 0.0196 7,373 10.1
Glaucoma-related measures
Glaucoma diagnosis 40,347 82.6 20,237 82.9 0.3560 60,584 82.7
Open-angle glaucoma diagnosis 26,965 55.2 13,659 55.9 0.0603 40,624 55.5
(by an ophthalmologist)
Glaucoma-related eye exam 24,975 51.1 12,526 51.3 0.6717 37,501 51.2
Glaucoma surgery 1,612 3.3 807 3.3 0.9736 2419 3.3
Other
Number of physicians seen, mean (SD) 8.6 (6.5) 8.8 (6.5) 0.0080 8.7 (6.5)
Median [range] 7 [0-84] 8 [0-72] ’ 8 [0-84]
Medical costs per member, mean (SD) $5,332 ($11,062) $5,470 ($11,315) 0.0043 $5,378 ($11,147)
Median [range] $1,988 [$0-$310,074] $2,061 [$0-$382,728] ) $2,013 [$0-$382,728]
Pharmacy Characteristics
New (vs. continuing) user 14,930 30.6 7439 30.5 0.7786 22,369 30.5
Mail order (index script) 16,950 347 8,518 34.9 0.6262 25468 34.8
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Baseline (Pre-Index) Patient Characteristics by Cohort (continued)

Development Cohort Validation Cohort Total Cohort
n % n ‘ % P Value? n %

Pharmacy Characteristics
Source of index prescription

Written 23,747 48.6 11,898 48.7 35,645 48.7

Electronic 11,807 24.2 5,789 23.7 17,596 24.0

Phone 5,012 10.3 2,516 10.3 0.6175 7,528 10.3

Fax 7,912 16.2 4,012 16.4 11,924 16.3

Other 362 0.7 201 0.8 563 0.8
Formulary tier (index prescription)

Tier 1 6,581 13.5 3,297 13.5 9,878 13.5

Tier 2 34,222 70.1 17,120 70.1 0.9860 51,342 70.1

Other 8,037 16.5 3,999 16.4 12,036 164
Prescriber specialty (index prescription)

Ophthalmologist 31,291 64.1 15,621 64.0 46,912 64.0

Optometrist 8,238 16.9 4,133 16.9 0.0834 12,371 16.9

Family practitioner/internal medicine 2,059 4.2 1,020 42 3,079 42

Other/unknown 7,252 14.8 3,642 14.9 10,894 14.9
Prescriber gender (index prescription)

Male 31,947 65.4 15,944 65.3 47,891 65.4

Female 7,096 14.5 3,491 14.3 0.4559 10,587 14.5

Unknown 9,797 20.1 4,981 204 14,778 20.2
Rx-Risk-V score, mean (SD) 6.0 (2.9 6.0 (2.9 0.0718 6.0 2.9)

Median [range] 6 [1-20] 6 [1-20] ] 6 [1-20]
Number of pharmacies visited, mean (SD) 2.1 (1D 2.1 (1D 0.5577 2.1(1.D

Median [range] 2 [1-25] 2 [1-12] ’ 2 [1-25]
Pharmacy costs, mean (SD) $2.,439 ($3,126) $2.460 ($3,165) 01736 $2.446 ($3,139)

Median [range] $1,809 [$4-$160,243] $1,828 [$4-$121,051] ) $1,816 [$4-160,243]

aCalculated using an omnibus chi-square test for categorical variables, a t-test for continuous variables except costs, and a nonparametric test for costs.
HMO = health maintenance organization; PPO = preferred provider organization; SD =standard deviation.

57.5% were female; and 70.1% were white (Table 2). The major-
ity of members resided in the South (70.9%), with an additional
19.9% in the Midwest. Sixteen percent of members received a low-
income subsidy, and 10.9% were Medicare-Medicaid dual eligible.

Most members had at least 1 of the reported chronic ill-
nesses (Table 2). Hypertension (72.5%) and hyperlipidemia
(67.8%) were most common, and approximately one third
(35.5%) of the members had type 2 diabetes. Physical and
mental disabilities were not as prevalent: joint disorders were
found in 15.4% of members, followed by muscle and move-
ment disorders (11.3%) and mental disorders (10.1%). The vast
majority of patients were diagnosed with glaucoma (82.7%),
although open-angle glaucoma was less common (67.8%), with
more than half (55.5%) of the members diagnosed or treated for
open-angle glaucoma by an ophthalmologist. Eye exams were
performed on over 80% of patients.

More than 30% of patients were new users of IOP-lowering
medications. Patients were taking 8 total medications (not
specific to glaucoma), on average (+4), and had them filled at
an average of 2 different pharmacies (+ 1). The index prescrip-
tion was filled by mail order for 34.8% of patients, with a large

majority (76.8%) receiving 43-59 days of medication for the
index script using the drop count methodology. Total phar-
macy costs per member during the 12-month pre-index period
were $2,446 (£$3,139); total medical costs were higher ($5,378
+$11,147).

Adherence and Predictors of Nonadherence

The mean medication adherence was PDC=0.72 (+0.29) and
the median was PDC=0.81 (Table 3). A PDC threshold of 0.80
was used to classify patients as adherent or nonadherent. Just
over half of the study population (50.9%) was adherent using
this definition (Table 3). Adherence varied by drug class. Users
of carbonic anhydrase inhibitors (53%) and prostaglandin ana-
logs (52%) had the highest adherence; users of miotics (32%)
and alpha agonists (39%) had the lowest adherence. Adherence
was higher among continuing users (59%) than among new
users (33%; Table 3).

The sample used to develop the model included 48,840
patients (the validation sample had 24,416 patients). The
cohorts were similar in almost all baseline patient character-
istics for the development and validation cohorts (Table 2).
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Adherence to IOP-Lowering Medications
(Proportion of Days Covered)

Number of users 73,256

Mean PDC (SD) 0.72 (0.29)

Median PDC [IQR] 0.81 [0.49-1.00]

Percent Adherence (PDC) Number of Users Percentage
>0.80 37,261 50.9
0.60-0.79 11,526 15.7
0.40-0.59 10,769 14.7
0.20-0.39 9,350 12.8
<0.20 4,350 59

PDC by Class Number of Users | Percent Adherent
Alpha agonists 4,604 38.9
Beta blockers, ophthalmic 16,218 455
Carbonic anhydrase inhibitors 1,982 534
Combination drugs 3,156 41.1
Miotics 539 32.3
Multiple products 8,220 65.2
Prostaglandin analogs 38,535 524
Other 2 100.0

PDC by User Number of Users | Percent Adherent
New user 22,369 334
Continuing user 50,887 58.5

IOP=intraocular pressure; IQR=interquartile range; PDC= proportion of days
covered; SD =standard deviation.

The validation cohort had a greater percentage of patients with
mental disorders (10.4% vs. 9.9%, P=0.0196); saw a greater
number of physicians in the 12-month pre-index period (8.8 vs.
8.6, P=0.008); and had more medical costs ($5,470 vs. $5,332,
P=0.0043). The 28 variables previously mentioned (see also
the Appendix) were included in the initial regression model.
Principal components analysis was used to combine redundant
dimensions and reduce the model to 19 variables. Stepwise
logistic regression with backward elimination retained 10 of
the 19 variables as significant predictors (P<0.01).

Table 4 lists the parameter estimates for the final model
variables. The use of mail order for the index script (OR=2.68;
95% Cl=2.57-2.79) and being a new user (OR=2.48; 95%
CI=2.37-2.60) were the most significant predictors of nonad-
herence, followed by being male (OR=1.10; 95% CI=1.06-1.15)
and pre-index medical costs (OR=1.09; 95% CI=1.08-1.10). A
diagnosis of open-angle glaucoma by an ophthalmologist was
most strongly associated with reduced likelihood of nonadher-
ence (OR=0.69; 95% CI=0.66-0.72) followed by residence
in the southern region of the United States (OR=0.73; 95%
CI=0.70-0.76) and having had glaucoma surgery during the
pre-index period (OR=0.76; 95% CI=0.68-0.85).

The model had an accuracy (efficiency) rate of 66.1% at the
cutoff level of >0.50, indicating that when targeted patients
have a predicted probability of nonadherence of 50% or higher,
approximately two thirds are correctly classified as being true

LN EY Logistic Regression Model of
Nonadherence to IOP-Lowering
Medications
Adjusted Odds
Parameter Estimate Ratio (95% CI) P Value
Distribution channel for index 0.9848 2.68 (2.57-2.79) <0.0001
script: mail order (vs. retail)?
New user 0.9094 248 (2.37-2.60) <0.0001
Male member 0.0966 1.10 (1.06-1.15) | <0.0001
Medical costsP 0.0835 1.09 (1.08-1.10) <0.0001
Age -0.0168 0.98 (0.98-0.99) | <0.0001
Pharmacy costsP -0.1326 0.88 (0.86-0.89) <0.0001
Low-income subsidy -0.1271 0.88 (0.83-0.93) | <0.0001
Glaucoma surgery -0.2768 0.76 (0.68-0.85) <0.0001
South region -0.3164 0.73 (0.70-0.76) | <0.0001
OAG diagnosed by an -0.3715 0.69 (0.66-0.72) <0.0001
ophthalmologist

aBased on index IOP-lowering medication.
bLog-transformed.
CI=confidence interval; IOP=intraocular pressure; OAG = open-angle glaucoma.

positives or true negatives. A sensitivity analysis was per-
formed, and at a cutoff of 0.6 (i.e., those that are at least 60%
likely to be nonadherent), the accuracy was 63.3%; at a cutoff
of 0.7, the accuracy was 58.1%. This cutoff was chosen because
of the relatively high proportion of the study population that
was nonadherent (49%). Another consideration was a desire for
a lower rate of false negatives so as to identify as many potential
nonadherent patients as possible for targeted intervention. The
c-statistic for the model was 0.710; when applied to the valida-
tion sample, it performed equally well (0.705). The c-statistic,
or area under the curve (AUC), was defined as the percent
likelihood that a nonadherent member chosen at random had
a higher predicted probability of being nonadherent (based on
the results of the model) than an adherent member chosen at
random. An ROC (receiver operating characteristic) curve is
displayed in Figure 2.

Discussion
This study applied a drop count methodology to adjust the
claims-based days supply variable for topical IOP-lowering
glaucoma medications in order to develop and validate a
claims-based predictive model for estimating the probability of
being nonadherent (PDC<0.80). The medical and pharmacy
variables evaluated for the predictive model included those that

are readily available in administrative claims databases and
have been shown to influence medication adherence in other
contexts.'*? Common and relevant variables were extracted
from the claims database and included as variables in the pre-
dictive model. The predictive model resulted in an AUC of at
least 0.70.%°
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Patients who were likely to be nonadherent had their first
1OP-lowering prescription filled via mail order, were new users,
were male, and had higher medical costs. The finding that mail
order as a predictor is somewhat counterintuitive. However, it
is important to note that a patient was identified as “mail order”
if the first IOP prescription filled for an IOP medication was in
the 12-month identification period. This variable represents a
snapshot in time—it does not define the use of mail order or
retail for the entire 12-month post-index period nor does it
identify patients exclusively using mail order as the sole distri-
bution channel for IOP medications. Patients who were more
likely to be adherent were older, had glaucoma surgery, were
diagnosed by an ophthalmologist, had higher pharmacy costs,
resided in the South, and received a low-income subsidy.

Based on the model replication in the development and
validation samples, the predictive model appears to be robust
in this MAPD population. This predictive model was devel-
oped using Humana’s administrative claims database. There
are limitations, however, in the database’s ability to generalize
to all MAPD plans or members on fee-for-service Medicare.
The expectation is that the model is generalizable to similar
MAPD plans available in the South and Midwest regions, since
the majority of Humana's plans are offered in these areas.
Given that this predictive model was constructed using vari-

ables generally available in U.S. administrative claims data, it
could potentially be replicated by other health plans for use in
predicting nonadherence to topical IOP-lowering medications
among MAPD plan patients, in order to target interventions
intended to improve glaucoma medication adherence. The
ease of replication and interpretability of this model also may
be leveraged to explore relationships in other administrative
claims datasets.

Finally, an additional model was created using only vari-
ables available in pharmacy claims data, which resulted in a
similar number of variables and AUC as the MAPD model.
The mean adherence for MAPD patients taking IOP-lowering
topical medications in this study was PDC=0.72, similar to
other studies that examined mean adherence rates for IOP-
lowering medications.!?! Likewise, some of the predictors
have been seen in past research such as previous diagnoses of
open-angle glaucoma as a predictor of adherence and new users
having lower adherence."'*** However, while age and sex were
found to be significant predictors in the current study, there
have been conflicting findings in past research.!'** This may
be a result of the differences in member populations exam-
ined; for example, the Gurwitz et al. (1993) study examined a
New Jersey Medicaid population and selected elderly patients
aged>65 years.!! While the current study of MAPD patients
did not find Medicaid as a significant predictor, Gurwitz et al.
found that the low-income subsidy component was a signifi-
cant predictor of adherence. Low-income subsidy status refers
to Medicare beneficiaries with income below 150% of pov-
erty level and with limited resources and who are eligible for
additional premium and cost-share assistance for prescription
drugs under the MAPD program.

The predictive model generated through the current study
can be used to identify patients who are likely to be nonad-
herent to topical IOP-lowering glaucoma medications. Future
research can replicate this model using other administrative
claims databases in order to identify and prioritize patients that
are at risk for nonadherence. Flagging these patients will allow
health plan administrators to identify appropriate patients for
targeted adherence interventions.

Limitations

This study used data from the Humana administrative claims
database only, so the results may not be generalizable; however,
Humana is a large national health plan with members residing
throughout the United States in a broad array of geographic
regions. Moreover, the variables included in the final predictive
model are available in other U.S. administrative claims data-
bases. This study examined only MAPD plan members, since
glaucoma is more prevalent in the elderly.? The methodology to
calculate days supply using the drop count approach allowed for
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the accounting of possible overfill of the eye drop bottles; how-
ever, the drop count studies provided an external source of data
that needed to be integrated with the dataset used for analysis.

Additionally, limitations common to studies using admin-
istrative claims data apply to this study.®>° These limitations
include lack of certain information in the database and errors or
omissions in claims coding. Administration of sample medica-
tions or medications acquired without using the pharmacy ben-
efit could limit the detection of medication use. Unmeasured
confounders may limit the findings. Limitations exist around
estimating adherence using administrative claims data; for
example, proper administration and placement of drops in the
eye cannot be ensured, and many patients may use more than
1 drop per eye. The goal of this study was to use administrative
claims data to source the variables for the predictive model. The
mobility and clinical factors that may be captured in a patient’s
medical chart may provide additional information in under-
standing adherence to ophthalmic medications.

Conclusions

The results of this study show that nonadherence to topical
IOP-lowering medication can be predicted with 10 commonly
available demographic and administrative claims-based vari-
ables. Based on the model replication in development and
validation samples, the predictive model appears to be robust
in this MAPD population. Given that this predictive model was
constructed using variables generally available in U.S. admin-
istrative claims data, it could potentially be replicated by other
health plans for use in predicting nonadherence to topical IOP-
lowering medications among MAPD plan members. Results
from the implementation of this model may be used to target
interventions intended to improve medication adherence.
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Input Model Variables

Variable

Values

Age

Integer (65-89)

Patient gender

Male, female

Race White, black, Hispanic, other
Region Northeast, Midwest, South, West
Plan type HMO, PPO, other

LIS Y/N

Rx-Risk-V Integer (0-33)

Hypertension Y/N

Hyperlipidemia Y/N

Diabetes Y/N

Congestive heart failure Y/N

Joint disorders Y/N

Muscle weakness/movement disorders | Y/N

Mental disorders Y/N

Glaucoma Y/N

Glaucoma surgery Y/N

Glaucoma-related eye exam Y/N

OAG diagnosed by ophthalmologist | Y/N

Number of pharmacies used Integer

Number of physicians seen Integer

New user

Y/N (N = continuing user)

Mail order?

Y/N (N =retail)

Prescriber gender?

Male, female

Prescriber specialty?

Ophthalmologist, optometrist, other

Formulary tier?

1, 2, other

Prescription source?®

Written, fax, phone, electronic, other

Pre-index medical costs

Continuous (log adjusted)

Pre-index pharmacy costs

Continuous (log adjusted)

Note: Bold items retained in final model.

4Based on index IOP-lowering medication prescription.

HMO = health maintenance organization; IOP =intraocular pressure;
LIS =low-income subsidy; OAG = open-angle glaucoma; PPO = preferred provider

organization; Y/N =yes/no.
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