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Objective. To explain the association of out-of-pocket (OOP) cost, community-level
factors, and individual characteristics on statin therapy nonadherence.
Data Sources. BlueCross BlueShield of Texas claims data for the period of 2008–
2011.
Study Design. A retrospective cohort of 49,176 insured patients, aged 18–64 years,
with at least one statin refill during 2008–2011 was analyzed. Using a weighted propor-
tion of days covered ratio, differences between adherent and nonadherent groups are
assessed using chi-squared tests, t-tests, and a clustered generalized linear model with
logit link function.
Principal Findings. Statin therapy adherence, measured at 48 percent, is associated
with neighborhood-level socioeconomic factors, including race/ethnicity, educational
attainment, and poverty level. Individual characteristics influencing adherence include
OOP medication cost, gender, age, comorbid conditions, and total health care utiliza-
tion.
Conclusions. This study signifies the importance of OOP costs as a determinant of
adherence to medications, but more interestingly, the results suggest that other socioe-
conomic factors, as measured by neighborhood-level variables, have a greater associa-
tion on the likelihood of adherence. The results may be of interest to policy makers,
benefit designers, self-insured employers, and provider organizations.
Key Words. Medication adherence, cost sharing, out-of-pocket expense, health
care utilization

Chronic diseases affect the majority of Americans, costing an estimated $1.3
trillion annually in direct healthcare cost and productivity loss (DeVol et al.
2007). Fifty percent of Americans do not adhere to their prescribed medica-
tion regimens (Sabat�e 2003), causing adverse health outcomes, emergency
care utilization, high cost of care and reduced workforce productivity (Sabat�e
2003; Heisler et al. 2004; Sokol et al. 2005; Briesacher, Gurwitz, and
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Soumerai 2007; Blanchard et al. 2013). Policy initiatives have been under-
taken to improve medication adherence, including Medicare Advantage’s
physician quality reporting and pay-for-performance incentive payments
(CMS 2014) and the Accountable Care Organization payment model, which
targets safe and effective medication use (RTI 2012). These policy reforms
financially incent health care providers to implement organizational best prac-
tices for prescribing medications, collaborating with pharmacists, and educat-
ing patients on medication self-management (Rosenbaum and Shrank 2013).

Cardiovascular disease is the leading cause of death in the United States
(NCHS 2016), and it can be prevented and reduced using statin therapy
(Stone et al. 2014; Armstrong et al. 2014). Based on 2013 risk assessment
(Goff, Lloyd-Jones, and Bennett 2014) and cholesterol treatment guidelines
(Stone et al. 2014), it is expected that the number of eligible adults for statin
therapy will increase by 12.8 million (Pencina et al. 2014). Unfortunately, non-
adherence rates for statin therapy vary between 25 and 70 percent, with 12–45
percent of patients abandoning statin use at the end of 1 year (Insull 1997; Per-
reault et al. 2009), posing a significant clinical and policy concern.

The geography of health and health care, also known as healthography
(Greenberg 2014), is often considered in policy making research. Medical
sociologists posit that geography may impact an individual’s health and well-
being (Macintyre, Ellaway, and Cummins 2002; Poland et al. 2005; Cummins
et al. 2007), leading to health disparity (Phelan, Link, and Tehranifar 2010).
Health disparities are known to exist across different demographic groups
(Craig et al. 2014), suggesting the importance of evaluating community-level
factors onmedication adherence.

This study examines the association of nonadherence to statin medica-
tion with neighborhood-level factors that define socioeconomic position of
communities, in addition to individual-level factors. Past research leveraged
different theoretical frameworks as predictive or explanatory models to
understand the impact of adherence-improving interventions (Munro,
Lewin, and Volmink 2007), including the health belief model (Harrison,
Mullen, and Green 1992) and social cognitive theory (Bandura 2004). The
emphasis of these frameworks is on individual focused intervention
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strategies (Magzamen, Brandt, and Tager 2014), often ignoring social and
community-level factors that may provide more sustainable population
health (Link and Phelan 1995). An emerging body of research contextualizes
medication adherence using the Health Behavior Model (HBM; Andersen
1995) to explain behaviors (Unni and Farris 2011; Vaidya et al. 2014;
Thorpe et al. 2015). However, a research gap exists in understanding how
medication adherence differs across neighborhood and individual factors.

This study first contributes to the emerging stream of health behavior
research by operationalizing the overarching constructs of predisposing fac-
tors and enabling/impeding factors. Second, the use of a commercially
insured dataset comprising 49,000+ working-age adults, makes the research
unique because commercially insured adults should have higher rates of liter-
acy and better access, as well as less price sensitivity to marginal increases in
copayments when compared to publicly insured or uninsured. Furthermore,
the study population has a substantial proportion of Hispanics, a population
known to have better health and mortality outcomes (Franzini, Ribble, and
Keddie 2001; Medina-Inojosa et al. 2014), though higher risk for cardiovascu-
lar issues (Daviglus, Pirzada, and Talavera 2014).

CONCEPTUAL FRAMEWORK

To understand the relationship between neighborhood and individual char-
acteristics with statin nonadherence, the HBM (Aday and Andersen 1974;
Andersen 1995) is contextualized. This model conceptualizes factors that
may influence utilization, including enabling factors, predisposing factors,
and need factors. These factors are contextualized at the individual, environ-
mental, and provider/system level to assess the impact on statin nonadher-
ence (Figure 1).

Enabling/Impeding Factors

The out-of-pocket (OOP) cost to receive a health care service can be an
enabling (if low) or impeding (if high) factor. Several studies show lowering of
copayments is associated with increases in adherence to medications for a
broad range of diseases, including diabetes, hyperlipidemia, and coronary
heart diseases (Gibson et al. 2006, 2010; Ye et al. 2007). Furthermore, a meta-
synthesis by Eaddy et al. (2012) concludes that increased cost sharing is associ-
ated with decreased medication adherence, resulting in worse health
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outcomes. Moreover, Thiebaud, Patel, and Nichol (2008) show individuals
with lower adherence respond more strongly to a reduction in copay than
already adherent individuals.

Access to community-based pharmacies may also influence prescription
refill behavior. Xu, Smith, and Borders (2003) report elderly patients living in
neighborhoods with higher pharmacy density usually have better access to
pharmaceutical systems. Thus, as the number of pharmacies increases in the
local neighborhood, individuals may refill prescriptions more regularly.

Predisposing Factors

The Health Behavior Model posits that certain individuals may be prone to
use health care services more often than others depending on demographic
and socioeconomic characteristics present at the individual or social structure
level (Andersen and Newman 1973). A meta-analysis found the relationship
between nonadherence to statin therapy and age is U-shaped, with nonadher-
ence being minimum around age 60–65 (Mann et al. 2010). A study of the
baby boomer generation (aged 44–64 years) reports a monotonically decreas-
ing trend of age effect on medication nonadherence (Wallach-Kildemoes et al.
2013). Gender is also a predictor of adherence, with the majority of research
showing females to be less likely to be adherent to medication (Benner et al.

Figure 1: Factors InfluencingMedication Nonadherence Behavior

Source: Adapted from behavior model for health care utilization (Aday and Andersen 1974;
Andersen 1995).

1514 HSR: Health Services Research 52:4 (August 2017)



2004; Ellis et al. 2004; Rasmussen, Chong, and Alter 2007; Chodick et al.
2008; Yu et al. 2008). However, some studies show inconclusive evidence for
differences in adherence across gender (Benner et al. 2002; Donnelly et al.
2008).

The social structure of neighborhoodsmay define position of individuals
in the society, and thereby lifestyle patterns, and access to community-level
resources (Aday and Andersen 1974; Andersen 1995). Furthermore, cultural
traits could predispose individuals differently in their attitudes toward medical
care, physicians, and disease (Andersen and Newman 1973). These neighbor-
hood-level characteristics can be contextualized based on individual factors,
including educational attainment, income (or poverty) level, national origin,
language skill, and travel distance between homes and workplace, among
others.

Educational attainment has become a prominent predictor, though with
mixed evidence, of lifespan, health behavior and health care utilization in the
developed nations (Montez and Friedman 2015; Smith et al. 2015). A meta-
analysis by Smith et al. (2015) suggests a negative relationship between educa-
tional attainment and onset of chronic disease; however, the authors caution
that some studies do not show association. Other studies show a positive asso-
ciation between medication adherence and income (Mann et al. 2010), when
viewed at the individual and/or community level (Benner et al. 2004; Ras-
mussen, Chong, and Alter 2007; Schneeweiss et al. 2007; Chodick et al.
2008; Chan, Shrank, and Cutler 2010). To further emphasize, some posit that
lower income groups inadvertently bear the largest proportionate income bur-
den of prescription drugs, including statin therapy (Wallach-Kildemoes et al.
2013). In the context of racial disparity, several studies suggest minority
patients, including Hispanics and African Americans, are less likely to be
adherent than white patients (Benner et al. 2002; Ellis et al. 2004; Mann et al.
2007).

Need (Risk) Factors

Patient health risk factors and prior utilization of health care services con-
tribute to predicting health service utilization and behavior. Medication com-
pliance may be confounded by chronic comorbid conditions and/or
frequency of interaction with health care providers. Past research shows
patients with a history of myocardial infarction or other cardiovascular dis-
ease, diabetes, and/or hypertension are more likely to be adherent to statin
therapy (Benner et al. 2002, 2004; Schneeweiss et al. 2007; Donnelly et al.
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2008; Thiebaud, Patel, and Nichol 2008; Yu et al. 2008). Conversely, some
research shows patients with diabetes may be less adherent to statin therapy
(Rasmussen, Chong, and Alter 2007). Finally, patients with comorbid mental
health disorders are often less adherent to prescription medications for pri-
mary conditions like cardiovascular disease and diabetes (Nelson et al. 2011;
Hansen et al. 2012; Desai et al. 2014).

METHODS

Study Design and Data Sources

This is a retrospective cohort study of individuals on statin therapy during
2008–2012 (study period) in the state of Texas who are privately insured by
BlueCross BlueShield of Texas. Data on 49,216 individuals in the age group
18–64 years who have pharmacy benefits through their preferred provider
organization are evaluated. The BCBSTX members are not able to select
among pharmacy plans, thereby minimizing bias induced by adverse selec-
tion or selection induced by adverse selection of lower OOP pharmecutical
copyament costs. Socioeconomic status and pharmacy count data are from
the RTI Spatial Impact Factor database and the Texas State Board of Phar-
macy. Selection of individuals in the age group 18–64 years is limited to only
those who with at least two filled statin prescriptions between June 2008 and
December 2011 (identification period). All individuals have continuous
enrollment 6 months before and 1 year after the first statin prescription fill
date (observation period).

Dependent Variable: Nonadherence to Statin Therapy

Medication nonadherence is routinely studied using administrative/phar-
macy claims data and defined as a patient who does not refill and/or stops tak-
ing a medication. To measure nonadherence, the Pharmacy Quality Alliance
endorses the “proportion of days covered” (PDC) (Benner et al. 2002) as a pre-
ferred measure for medication adherence (Nau 2014). In 2009, the National
Quality Forum endorsed PDC-based measures (Yeaw 2009), and subse-
quently the Center for Medicare andMedicaid adopted it in 2010 for measure-
ment of adherence to five therapeutic categories, including statins (CMS
2010).

Medication adherence is measured for each individual as the PDC dur-
ing the year, immediately following the index date of statin prescription fill
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(Benner et al. 2002; Leslie 2007). Individuals with less than 80 percent PDC
are classified as nonadherent to statin therapy following the established norm
in the literature (Benner et al. 2002; Rasmussen, Chong, and Alter 2007; Sch-
neeweiss et al. 2007; Leslie et al. 2008; Choudhry et al. 2010; Wallach-Kilde-
moes et al. 2013). The PDC is calculated, using a modified algorithm of
Lesley’s algorithm, as proposed by Chu, Kawatkar, and Gu (2011), as the
number of days within the observation period with medication supply divided
by the number of days the patient is eligible for benefits. If fills overlap, the
start date of the next fill is adjusted to be the day after the previous fill ended.
Also, if patients have supply for more than one statin on a given day, the day is
only counted once as being “covered.” If the adherence period for individuals
is less than a full year from the index date of the statin prescription fill, the
PDC is measured as the number of days the patient is on a statin over the dif-
ference in days between the first fill and last refill dates.

Measurement of Explanatory Variables

Out-of-pocket medication cost, inclusive of copayments, deductibles, and/or
patient cost sharing, for statin medications is the primary explanatory vari-
able. OOP statin medication costs are person-level costs defined as the aver-
age monthly cost for statin prescriptions during the observation period. The
OOP cost is determined by computing the difference between the total paid
dollar amount and allowed dollar amount listed in the BCBSTX Pharmacy
member claim file. The OOP cost is the “patient responsibility”; it is assumed
individuals paid this amount to receive their medications. It is likely that some
individuals selected lower cost generics, whichmay influence the results of this
research upward. For analysis and ease of interpretation, the monthly average
OOP cost is rescaled to a per $10 unit cost.

Demographic variables include gender (female as reference group) and
age in years at the time of index claim. The rural location is dichotiomized
based on the RUCA 2.0 cross-walk file available from University of Wash-
ington. Comorbid conditions are operationalized as dichotomous variables
based on relevant International Classification of Diseases-Revision 9 codes
for presence of diabetes mellitus (ICD9: 250, 375), cardiovascular disease
(ICD9: 390–495), and mental disorders (ICD9: 290–319). A visit to a cardi-
ologist within 30 days before the index prescription date is a study variable,
in addition to overall prior health care utilization. Patients are categorized
into three “prior utilization” groups based on the quartiles of total medical
expenditures.
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Neighborhood-level factors are operationalized using zip code-level
aggregate data for Texans age 18–64 years, based on the RTI Spatial Impact
Factor database (https://rtispatialdata.rti.org). These variables include educa-
tional attainment (proportion of population with college or higher degree;
proportion of population with high school or lesser education), poverty level
(proportion of household with public assistance), language skills (proportion
of English-only speaking population), racial/ethnic density (proportion of
population that are non-Hispanic White, Hispanic, and African American;
proportion of population that are foreign-born), and the average travel dis-
tance to workplace. For the analysis, all zip code-level variables are catego-
rized corresponding to their quartiles within the observed distribution. In the
context of racial/ethnic density, each zip code is dichotomized as dominated
by non-Hispanic whites, Hispanics, or African Americans based on the pro-
portion of the population that belongs to highest quartile of respective race/
ethnicity. Finally, the number of community pharmacies in each zip code is
derived based on the registry of active pharmacies maintained by the Texas
State Board of Pharmacy.

Statistical Analysis

Differences in demographics and clinical characteristics between the adherent
and nonadherent groups are assessed using chi-squared tests for categorical
variables and t-tests for continuous variables. The association between OOP
cost and medication nonadherence (i.e., PDC <0.80) is evaluated using clus-
tered generalized linear model-based regression with logit link function, adjust-
ing for other enabling factors (pharmacy access), predisposing factors (age,
gender, rural area, poverty, education, race, language skill, travel time to work),
and need factors (comorbid conditions, including diabetes, mental disorder,
cardiovascual disease, visit to cardiologist, and prior health service utilization)
representing patient- or community-level characteristics. To account for poten-
tial bias from varying length of observation periods on which PDC is com-
puted, the PDC is weighted using the exposure period for patients on statins.

RESULTS

Study Population

There are 49,176 patients who met the inclusion criteria. Table 1 provides the
summary of sampled individuals with respect to their adherence to statin
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therapy and various factors that are associated with medication adherence
behavior, including enabling/impeding factors, predisposing factors, and
need (or risk) factors considered in the researchmodel (see Figure 1).

Table 1: Description of Medication Nonadherence, Patient- and Neighbor-
hood-Level Enabling/Impeding Factors, Predisposing Factors, and Need
(Risk) Factors for 49,176 Commercially Insured Individuals on Statin Therapy
during 2009–2011 in Texas State

Variable Adherent Nonadherent p-value

Enabling/impeding factors
OOP cost for statin medications $21.8 (18.3) $23.7 (18.8) <.001
Count of pharmacies per squaremile in ZCTA 0.42 (2.1) 0.38 (1.28) .01

Predisposing factors
Gender, male=yes 27.1% 29.3% .002
Age, in years 52.4 (7.9) 49.9 (8.7) <.001
Rural: Proportion of individuals living in rural ZCTAs 15.9% 15.8% .796
Proportion living in ZCTAs, where percentage
of households getting public assistance

2.42% (2.28) 2.87% (2.72) <.001

Proportion living in ZCTAs, where percentage
of population with less than high school education

18.0% (12.3) 20.5% (13.8) <.001

Proportion living in ZCTAs, where percentage
of population with college or higher education

27.4% (16.9) 24.7% (16.2) <.001

Proportion living in ZCTAs, where percentage
of English-only speaking population

19.5% (11.7) 20.9% (12.1) <.001

Racial/ethnic density
Proportion living in Non-Hispanic white
dominated ZCTAs

83.7% 75.6% <.001

Proportion living in Hispanic dominated ZCTAs 14.2% 21.2% <.001
Proportion living in African American
dominated ZCTAs

2.03% 3.20% <.001

Proportion of foreign-born population living in ZCTAs 11.1% (8.8) 12.5% (9.8) <.001
Average travel-to-work time in ZCTAs, in minutes 25.3 (5.8) 25.4 (5.7) .162

Need/risk factors
Comorbid conditions
Proportion of individuals with diabetes 11.8% 14.4% <.001
Proportion of individuals with mental disorders 31.6% 32.8% <.001
Proportion of individuals with cardiovascular
disorders

10.3% 12.1% <.001

Proportion of individuals who visited cardiologist
30 days before starting statin therapy

15.8% 12.1% <.001

Prior health care utilization: total medical spending
6 months before starting statin therapy

<.001

Low utilizers 28.9% 36.2% –
Intermediate utilizers 34.8% 37.2% –
High utilizers 36.2% 37.3% –
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Among the 49,176 individuals, about 48 percent are nonadherent to
statin therapy. The average OOP cost for statin therapy is about $22.8
(standard deviation [SD]: $18.6). Across the state of Texas, the average
number of (noninstitutional) pharmacies is about 60 (SD: �67) per pri-
mary care service area, indicating significant variation in the availability of
pharmacies. The average age for sampled individuals is 51.1 years (SD:
�8.5), 56 percent are male, and approximately 16 percent of individuals
live in rural zip code tabulation areas (ZCTAs).

Evaluation of the predisposing factors across the four quartile-based
ZCTAs (Table 1) shows 66 percent of the study population live in economi-
cally better neighborhoods and almost 70 percent live in areas of higher edu-
cational attainment. Nearly 80 percent of sampled individuals live in non-
Hispanic white dominated ZCTAs and less than 3 percent live in African
American dominated ZCTAs. Furthermore, about 64 percent of sampled indi-
viduals live in ZCTAs that have a higher proportion of foreign-born residents
and 54 percent live in areas, where the average travel-to-work time is substan-
tially higher.

Among the sampled individuals, about 27 percent have diabetes, 23 per-
cent have been treated for some type of mental disorder, and about 65 percent
have been treated for some type of cardiovascular disorder. Furthermore,
about 14 percent of individuals visited a cardiologist within 30 days prior to
the first fill of statin medications. As another indicator of individual health risk,
the average total medical spending 6 months prior to starting a statin medica-
tion averages $1,585 (SD:�$11,030).

Association of Enabling/Impeding Factors with Medication Nonadherence

The association of OOP cost burden for statin medications is positive and
statistically significant with nonadherence to statin therapy. A $10 increase
in monthly spending on statin is associated with about 7 percent higher
likelihood of an individual becoming nonadherent with the therapy (95
percent CI: 1.06–1.08). The count of active pharmacies per square mile is
not associated with nonadherence to statin therapy (95 percent CI: 1.00–
1.00) (Table 2).

Association of Predisposing Factors with Medication Nonadherence

Among the individual-level characteristics, both gender and age are nega-
tively associated with adherence and statistically significant. In particular,
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Table 2: Association of Medication Adherence with Enabling/Impeding
Factors, Predisposing Factors and Need(Risk) Factors, Shown as Adjusted
Odds Ratio and 95%Confidence Intervals

Explanatory Factors
Adjusted Odds Ratio

(95% Confidence Interval)

Enabling/impeding factors
OOP cost for statin medications 1.07 (1.057; 1.082)
Count of pharmacies per squaremile in ZCTA 1.00 (0.999; 1.000)

Predisposing factors
Gender, male=yes 0.89 (0.854; 0.923)
Age, in years 0.97 (0.963; 0.968)
Rural ZCTAs 1.00 (0.921; 1.088)
ZCTAs where percentage households getting public assistance is at
1st quartile Reference
2nd quartile 1.08 (1.020; 1.152)
3rd quartile 1.09 (0.999; 1.199)
4th quartile 1.10 (0.980; 1.233)

ZCTAs where percentage population with less than high school education is at
1st quartile Reference
2nd quartile 1.00 (0.914; 1.083)
3rd quartile 0.94 (0.845; 1.038)
4th quartile 1.01 (0.877; 1.171)

ZCTAs where percentage population with college or higher education is at
1st quartile Reference
2nd quartile 0.97 (0.893; 1.058)
3rd quartile 0.88 (0.790; 0.973)
4th quartile 0.79 (0.690; 0.901)

ZCTAs where percentage of English-only speaking population is at
1st quartile Reference
2nd quartile 0.96 (0.832; 1.118)
3rd quartile 1.00 (0.847; 1.174)
4th quartile 0.93 (0.773; 1.118)

Race/ethnicity
Non-Hispanic white dominated ZCTAs Reference
Hispanic dominated ZCTAs 1.33 (1.140; 1.545)
African American dominated ZCTAs 1.56 (1.364; 1.787)

ZCTAs where foreign-born population density is at
1st quartile Reference
2nd quartile 1.06 (0.961; 1.170)
3rd quartile 1.09 (0.974; 1.226)
4th quartile 1.20 (1.032; 1.399)

ZCTAs where average travel-to-work time is at
1st quartile Reference
2nd quartile 1.01 (0.939; 1.094)
3rd quartile 1.06 (0.980; 1.145)
4th quartile 1.15 (1.075; 1.233)

continued

Medication Nonadherence in Privately Insured Adults 1521



when compared to females, male individuals are 11 percent less likely to be
nonadherent with the statin therapy (95 percent CI: 0.85–0.92). Furthermore,
an increase of 1 year in age is associated with a 3 percent reduction in the like-
lihood of an individual becoming nonadherent with statin therapy (95 percent
CI: 0.96–0.97) (Table 2).

Among the neighborhood-related factors considered, partial support is
found for the hypothesized relationships. In particular, individuals living in
neighborhoods that have a moderately higher proportion of households
receiving (economic) public assistance are 8 percent more likely to be nonad-
herent to statin therapy when compared to neighborhoods with fewer house-
holds receiving public assistance (i.e., 1st to 2nd quartile: 95 percent CI: 1.02–
1.15). The effect size marginally increases, though statistically not significant,
for neighborhoods with a much higher proportion of households receiving
public assistance (1st to 3rd quartile, 95 percent CI: 1.00–1.20; 1st to 4th quar-
tile, 95 percent CI: 0.98–1.23) (Table 2).

Individuals living in neighborhoods with a high density of college or
higher degreed members are between 12 and 21 percent less likely to be non-
adherent with statin therapy, when compared to individuals living in neigh-
borhoods with fewer college or higher graduates (1st to 3rd quartile, 95
percent CI: 0.79–0.97; 1st to 4th quartile, 95 percent CI: 069–0.90). The
results also indicate that individuals living in a Hispanic dominated ZCTA or
African American dominated neighborhood are 33 percent (95 percent CI:
1.140–1.545) and 56 percent, respectively (95 percent CI: 1.364–1.787), more

Table 2 Continued

Explanatory Factors
Adjusted Odds Ratio

(95% Confidence Interval)

Need/risk factors
Comorbid conditions
Proportion of patients with diabetes 1.13 (1.077; 1.182)
Proportion of patients with mental disorders 1.11 (1.059; 1.163)
Proportion of patients with cardiovascular disorders 0.88 (0.842; 0.926)
Individuals who visited cardiologist 30 days
before starting statin medications

0.79 (0.743; 0.845)

Prior health care utilization: total medical costs 6 months prior to starting statins
Low utilizers 1.11 (1.043; 1.175)
Intermediate utilizers Reference
High utilizers 1.04 (0.993; 1.087)
Constant 5.71 (4.217; 7.719)

Notes. Values set in bold font are statistically significant (p-value < .05).
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likely to be nonadherent with statin therapy when compared to individuals liv-
ing in non-Hispanic white dominated neighborhoods. Finally, individuals liv-
ing in neighborhoods with a higher foreign-born population density are 20
percent more likely to be nonadherent with statin therapy (95 percent CI:
1.032–1.399) when compared to neighborhoods with a lower foreign-born
population density (Table 2).

The remaining predisposing factors which characterize neighborhoods
are not associated with medication nonadherence. These include rural areas,
educational attainment up to high school, English-only speaking population
density, and average travel-to-workplace duration (Table 2).

Association of Need (Risk) Factors with Medication Nonadherence

Individuals with select comorbid conditions, other than cardiovascular disor-
ders, are likely to exhibit a substantial degree of nonadherence to statin ther-
apy when compared to those who do not have the conditions. In particular,
individuals diagnosed with diabetes mellitus are 13 percent more likely to be
nonadherent (95 percent CI: 1.08–1.18) when compared to their nondiabetic
counterparts. Likewise, individuals with mental health disorders are 11 per-
cent more likely to be nonadherent when compared to those who have not
been diagnosed for mental health disorders (95 percent CI: 1.06–1.16). Indi-
viduals with cardiovascular disorders are 12 percent less likely to be nonad-
herent (95 percent CI: 0.84–0.93).

Visiting a cardiologist prior to start statin therapy was associated with a
21 percent less likelihood of nonadherence (95 percent CI: 0.74–0.85). Indi-
viduals with lower baseline health services utilization are 11 percent more
likely to be nonadherent compared to intermediate utilizers (95 percent CI:
1.04–1.18). There was no statistical difference in the likelihood of nonadher-
ence between patients with high baseline health services utilization and the
intermediate group (p > .05).

DISCUSSION

Medication nonadherence is a public health challenge due to the rising growth
in the chronically ill population. Past research has examined the challenges of
medication adherence across numerous contexts, including specific chronic
diseases (Cramer 2004), multiple chronic conditions (Williams, Manias, and
Walker 2008), and cost- and medication-related factors (Claxton, Cramer, and
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Pierce 2001; Gellad, Grenard, and Marcum 2011). Researchers have docu-
mented the influence of several factors on medication adherence, such as
higher cost sharing and OOP expenses (Leibowitz, Manning, and Newhouse
1985; Joyce et al. 2002; Goldman, Joyce, and Karaca-Mandic 2006; Gold-
man, Joyce, and Zheng 2007; Gibson et al. 2010; Karaca-Mandic et al. 2012;
Rezayatmand, Pavlova, and Groot 2013), individual-level characteristics
including demographic, socioeconomic, and psychological factors (Cum-
mings et al. 1982; Lewey et al. 2013; Rolnick et al. 2013), and health care sys-
tem factors (Schmittdiel et al. 2011). Although scholars have synthesized
findings using meta-analyses, there remains a lack of consensus across the fac-
tors heavily influencing medication adherence (Eaddy et al. 2012; Conn et al.
2014; Murphy et al. 2014). As policy makers experiment with insurance
coverage, benefit designs, and provider incentive programs, it is imperative to
better understand the patient-level drivers of medication adherence. In
addition, most empirical studies and theories on medication adherence
emphasize individual characteristics with less attention on societal factors.
The growing disparities research on health care access, outcomes, and costs
further elucidates the need to understand societal influences. This study
expands the body of knowledge on medication adherence by examining the
impact of cost sharing and individual-level factors, as well as the impact of con-
textual factors (neighborhood level variables), on nonadherence to statin med-
ications.

In support of prior research, these results suggest small increases in med-
ication cost sharing are associated with nonadherence, even in a population of
working individuals with presumed financial means. A minimal incremental
monthly OOP cost burden of $10 is associated with a 7 percent higher nonad-
herence rate to statin therapy. This is important because many benefit man-
agers and/or insurance plan designs have raised medication copayments by
$10, or even $20 during the last few years in an effort to shift cost to consumers
and save money for companies. Organizations that are self-insured may find
this cost-saving strategy to be cost increasing if employees forgo medications
and later suffer from more serious conditions. Governmental strategies to
increase insurance coverage to the uninsured, through both insurance
exchanges and Medicaid, may consider the presumed implications of high
medication copayments. Presuming an increase in insurance coverage equates
to an increase in medication adherence, in the absence of cost-sharing consid-
erations, appears incorrect. Furthermore, in the context of cholesterol man-
agement, nonadherence to statins may not lead to an immediate need for health
care services; however, these individuals will likely have higher health care
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costs later in life when they are on Medicare. Astute health care leaders and
policy makers may well weigh the presumed cost savings from increased
copayments against the potential cost increases for unmanaged chronic dis-
eases, both now and in the future.

Mail order pharmacies are another cost-saving strategy that has
become popular because of both the presumed ease of access and typical 3-
month medication supply allowance. Unfortunately, benefit managers and
policy makers looking to mail order pharmacies as a method to increase
access and reduce costs may be disappointed. This research suggests access
to pharmacies, as measured by the number of pharmacies within the service
area, does not impact adherence. Furthermore, mail order pharmacies
allowing patients to order a 3-month supply often charge higher copayment
rates than if patients refill their medications monthly. Given the price sensi-
tivity shown in this study, patients may be less apt to pay a higher copay-
ment, even if it means more volume (pills). Perhaps insurance plan
designers, including Medicaid and Medicare leaders, could consider spend-
ing more time negotiating reduced monthly copayments or biweekly refill
alternatives, particularly for medications shown to effectively manage
chronic diseases.

Among the predisposing factors considered in this study, there is strong
evidence of higher medication adherence among males when compared to
females and of older patients when compared to younger ones. The latter find-
ing suggests that, among commercially insured Texas residents, individuals on
statin therapy are more likely to continue with prescribed medications as they
get older, which may reduce the future cost burden on Medicare. This finding
suggests educational and marketing strategies tailored for women and/or
younger patients are warranted. Legislators involved in expanding insurance
coverage, funding wellness/preventative programs, and evaluating the effec-
tiveness of cost-reducing initiatives might consider the impact of education on
disease management. Employers may also use the findings of this study to
inform their strategies for targeting health education and disease management
to younger employees.

Nonadherence to statin therapy is also associated with select neighbor-
hood-level socioeconomic factors, including race/ethnicity, educational
attainment, and poverty level. In particular, the study results suggest that indi-
viduals residing in Hispanic or African American dominated neighborhoods
are 33–56 percent more likely to be nonadherent with statin therapy when
compared to non-Hispanic white dominated communities. Communities with
lower affluence are also shown to be more likely to be nonadherent. These
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findings imply targeted policies aimed at increasing medication usage in
minority-dominated and/or less affluent communities may be justified. Poli-
cies might include differing medication benefit designs (both governmental
and private plans) for disadvantaged groups, aligning physician-level financial
incentives, like the physician quality reporting system, based on patient mix
and informing/educating primary care providers and pharmacists in disad-
vantaged neighborhoods. Understanding the impact of the neighborhood-
level factors might also lead decision makers to create policies, processes, and
educational materials specifically aimed at high-risk populations and in Span-
ish, when necessary.

The study has several limitations. First, this is an observational study,
so the reported findings cannot be interpreted as causal evidence. Second,
the medication adherence measure derived from claims data may not neces-
sarily reflect actual adherence behavior. Nonetheless, the PDC provides an
estimate of long-term persistence in medication refills, which is preferred
over the medication possession ratio (Benner et al. 2002; Nau 2014). Third,
enrollees who purchase statins from low-cost providers with a fixed fee for-
mulary, such as Walmart’s $4 formulary, will not be included in the study.
Currently, only one statin, Lovastatin, is being offered on Walmart’s fixed
fee formulary. The generic version of Lovastatin did not become available
until November 2011, which is near the end of our study period and should
have minimal effect on the results. Fourth, enrollees who purchase a 90-day
supply of statin medication (approximately 6 percent of enrollees) may bias
the results in favor of adherence. Last, while this study focuses on identifying
neighborhood-level factors that may impact medication adherence behavior,
the analysis does not include individual specific socioeconomic factors that
are likely to be more dominant than the corresponding neighborhood-level
factors. Finally, there is substantial variation in the size of zip code areas, and
it is plausible that populations residing in larger zip code areas may exhibit
significant variation on the dimensions of socioeconomic factors (Herrin
et al. 2015).

These results inform benefit managers, insurance designers, health care
payers, providers, and policy makers on strategies for improving medication
adherence in the chronically ill population. By devising clinical and educa-
tional interventions that smartly target patients based on their age, gender,
and neighborhoods, the cost-effectiveness of statin therapy as an intervention
can be optimized. And creating financial incentives for both individuals (lower
copayments) and providers (patient mix based) may positively influence med-
ication adherence.
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CONCLUSIONS

Medication use among chronically ill patients may be influenced by a plethora
of factors acting at different levels of the ecological model, ranging from
patient to societal level. Through operationalizing the overarching constructs
of an HBM, including predisposing factors, neighborhood-level enabling fac-
tors, and individual factors, this analysis studied statin medication nonadher-
ence across 49,000+ privately insured working Texans. The results are
consistent and within the range of past research, showing 48 percent of indi-
viduals are nonadherent. Increases in OOP expense are associated with a
higher probability of nonadherence. Men are more adherent than females and
age is negatively associated with nonadherence. Non-white race status, low
educational attainment, and high poverty levels are positively associated with
nonadherence. These results reinforce and expand the findings of past
research by eliciting the variation in medication adherence is partially
explained by select neighborhood level socioeconomic factors.

This study signifies the importance of OOP costs as a determinant of
adherence to medications, but more interestingly, the results suggest that
other socioeconomic factors, as measured by neighborhood-level variables,
have a greater impact on the likelihood of adherence. For example, decreasing
patients OOP costs by $10 was associated with 7 percent less likelihood of
nonadherence, while living in neighborhoods dominated by Hispanic or Afri-
can American populations was associated with 33 and 56 percent more proba-
bility of being nonadherent to statin medications. These results indeed
emphasize the strong need to look beyond patients’ clinical characteristics as
the primary subject for interventions to improve adherence and rather focus
on the contextual factors of patients’ residence.
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