
Research Article

Variation in adherence to medications across
the healthcare system in two comparative
effectiveness research cohorts
Jessica M Franklin*,1, Macarius M Donneyong1, Rishi J Desai1, Leona Markson2, Cynthia J
Girman3, Caroline McKay2, Mehul D Patel2, Panagiotis Mavros2 & Sebastian Schneeweiss1

1Division of Pharmacoepidemiology & Pharmacoeconomics, Department of Medicine, Brigham & Women’s Hospital & Harvard
Medical School, Boston, MA, USA
2Merck & Co., North Wales, PA, USA
3CERobs Consulting, LLC, Chapel Hill, NC, USA
* Author for correspondence: Tel.: +1 617 278 0675; Fax: +1 617 232 8602; jmfranklin@bwh.harvard.edu

Aim: To assess heterogeneity in adherence to medications in two example comparative effectiveness re-
search studies. Patients & methods: We analyzed data from commercially insured patients initiating a
statin or anticoagulant during 2005–2012. We calculated the cross-validated R2 from a series of hierarchi-
cal linear models to assess variation in 1-year adherence. Results: There was less heterogeneity in adher-
ence in the statin cohort compared with the anticoagulant cohort, where patient characteristics explained
7.2% of variation in adherence, and adding therapy and provider characteristics increased the proportion
of variation explained to 8.0 and 8.5%, cumulatively. Random effects provided essentially no explanatory
power, even in the statin cohort with large numbers of patients clustered within each pharmacy, prescriber
and provider. Conclusion: The dependence of adherence on the healthcare system was stronger when the
healthcare system influenced treatment choice and patient access to medication and when indications for
treatment were strong.
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Clinically significant variation in healthcare practice and outcomes has been documented at nearly all levels of the
healthcare system [1–9]. This variation begins with differing care provided across individual primary care physicians,
and it is compounded through variation across medical practices, hospitals, pharmacies and health insurance plans.
In particular, patient adherence to medications may be influenced by adherence interventions that are employed
selectively across the healthcare system, and adherence is likely the single most important modifier of treatment
effectiveness, as treatments are typically ineffective when they are not taken on a consistent basis [10]. Comparative
effectiveness research (CER), which focuses on evaluating treatments as used in routine care, occurs within this
complex healthcare delivery structure [11]. However, the role of the healthcare system in CER is not well understood,
and the majority of CER analyses do not account for variation in care across the healthcare system.

The primary objective of this study was to assess heterogeneity in adherence to medications, as adherence is a
major modifier of treatment effectiveness in CER studies. We evaluated heterogeneity across the healthcare system
in two example CER cohorts of cardiovascular medications [12–14]. Prior work has shown that patient clinical
characteristics alone explain little variation in adherence to cardiovascular medications, while healthcare system
characteristics, such as provider–patient relationship, continuity of care and cost may be more important [15–18]. We
explored healthcare system factors that explain observed heterogeneity in adherence, including individual providers
and pharmacies as well as characteristics of patients’ healthcare environment, such as insurance plan type. We also
explored differences in explained heterogeneity across subgroups of patients with varying clinical histories.
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Figure 1. Overview of study design.
Rx: Prescription.

Patients & methods
Data source & cohorts
For this study, we used the UnitedHealth Research Database, a large, nationally representative database containing
medical and outpatient pharmacy claims for more than 15 million US patients annually enrolled in commercial
health plans through UnitedHealth. Within these data, we constructed two example CER cohorts, including a
cohort of new oral anticoagulant (NOAC) versus warfarin initiators and a cohort of high versus low-intensity statin
initiators, as defined in Supplementary Table 1.

New users of statins or anticoagulants were defined as patients who filled a prescription for a statin or an
anticoagulant with at least 365 days of continuous enrollment in UnitedHealth and no prior prescription fill for
any medication in the specified class during that period, in other words, no prior fills for statins in the statin cohort.
Continuous enrollment was defined as no gaps in enrollment exceeding 30 consecutive days. We included initiators
of single therapy products only; however, prior use of a combination product containing statins or anticoagulants
was considered prior use of a study medication. We also required that the initial prescription fill contained at least a
30-day supply of medication, which limited the number of patients initiating on a lower dose with plans to titrate
up to a higher dose within 30 days.

The index date was defined as the date of the first observed prescription fill for any medication within the class of
statins and anticoagulants that met the inclusion criteria described above. Because several trials demonstrating the
superior efficacy of high-intensity statins were published during 2004–2005 [19–22], we identified statin initiators
between 1 January 2006 and 31 December 2012. We identified anticoagulant initiators between 1 October 2010
and 31 December 2012, a period that approximately coincides with the marketing of dabigatran, the first NOAC
approved in the USA.

Patients were required to be at least 18 years of age on the index date, and anticoagulant initiations were required
to have a diagnosis of atrial fibrillation during the 365 days prior to index. In order to ensure a fair comparison
of adherence across patients, we excluded patients from analyses if they did not have at least 365 days of available
follow-up due to death, disenrollment or end of data availability (31 December 2013). Patients were also excluded if
they did not have an index visit within 1 year before their index prescription fill, if they did not have an identifiable
pharmacy, prescriber, provider or state and if they had any provider type besides cardiologist, primary care provider
(PCP) or hospital, as described in Supplementary Table 2. An overview of the study design is shown in Figure 1.

Outcome

In both the statin and anticoagulant cohorts, the outcome was adherence to the chronic medication of interest over
1 year of follow-up [23]. For each patient, a ‘supply diary’ was created for the index medication class, which indicates
whether each day during follow-up was covered with medication. The supply diary was created by linking all
observed fills within the medication class based on the dispensing date and the days supply. Fills for any medication
within a given class were considered exchangeable, and changing doses (titration) or switching among medications
in the class did not affect the supply diary. For example, among statin users, a patient could switch from atorvastatin
to fluvastatin or from low dose to high dose and still be considered adherent to statins. Switching from the initial
therapy to a combination product during follow-up was also still considered to represent adherence to the initial
therapy, as long as the combination product contained a medication in the relevant medication class. The supply
diary began at the first prescription for the index medication and continued until the end of follow-up (365 days
for all patients). Supply from overlapping fills was accumulated up to 180 days excess supply.
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Based on the supply diaries, we calculated the proportion of days covered (PDC) during the 365 days of follow-up
as the number of days covered divided by 365. Periods of hospitalizations during follow-up were excluded from
both the numerator and denominator for the calculation of PDC. One-year PDC is the adherence measure most
often used by quality measures, and it has been shown to be highly associated with clinical outcomes [24–26].

Covariates

Based on exploratory hypotheses of an association with medication adherence, we defined the following seven sets of
characteristics: patient, therapy, general healthcare, pharmacy, prescriber, provider and state (Table 1). All covariates
besides patient characteristics were considered to be describing one part of the patient’s healthcare environment.
The pharmacy and prescriber were identified from the index pharmacy claim, but had few associated characteristics
available in the data. Therefore, most prescriber characteristics were derived by summarizing the prescriber’s patients
in the cohort. State and some provider characteristics were derived similarly. The provider, assessed based on the
most recent medical claim prior to the index prescription fill, came with additional information such as provider
type and location of services rendered. It was assumed that the identified provider was the source of the index
prescription. Patient characteristics were assessed using claims data accrued during the 365 days up to and including
the index date. We used a standard set of comorbidities assessed from medical claims, defined based on International
Classification of Diseases, 9th modification codes and dispensed medications, as described in Supplementary Table
3. Healthcare characteristics were assessed from various sources, including the index prescription claim (formulary
type) and the patient enrollment file (insurance plan type).

Statistical methods

All analyses were carried out separately in each of the two cohorts. In each cohort, we utilized hierarchical
regression models [27] to explore explained and unexplained heterogeneity in adherence across the healthcare
system. Hierarchical models, also known as multilevel models, have been used throughout health services research
for investigating variation in healthcare use and practice across regions, hospitals, medical practices or individual
physicians. The healthcare system levels considered in this study included the pharmacy where the index prescription
was filled, the prescriber responsible for the index prescription, the provider where the index prescription was
assumed to be written and the state. For each healthcare system level explored, models can contain fixed effects,
comprised of healthcare system characteristics measured at that level and random effects, which identify a unit-
specific effect on adherence. For example, at the pharmacy level, the type of pharmacy (specialty, mail order, regular)
is a potential fixed effect, while the tendency of a specific pharmacy to have patients that are better or worse adherers
is a random effect. Together, the pharmacy level fixed and random effects can be included in the model to estimate
the cumulative effect of the pharmacy on patient adherence.

From each model, we recorded the estimated R2, which describes the proportion of variance in adherence
explained by the model [28]. Because R2 is a measure of variation explained by model components, it must be
estimated in a way that accounts for the overoptimism inherent in such measures. We, therefore, estimated R2

using tenfold cross-validation [29].
Primary analyses were carried out in the full cohort for each medication class. In the statin cohort, we additionally

considered three subgroups that likely differed in the type of care received: no evidence of prior vascular event
(no prior claims for myocardial infarction [MI], stroke or revascularization), secondary prevention (any claim
for MI, stroke or revascularization during the year up to and including the index date) and recent hospitalization
(discharged from the hospital with a primary diagnosis of MI, stroke or revascularization during the 90 days prior to
and including the index date). Secondary analyses of the anticoagulant cohort were stratified according to evidence
of prior kidney disease or renal impairment.

Results
Cohort characteristics
We identified 9452 anticoagulant initiators and 428,534 statin initiators who met all cohort inclusion criteria
(Supplementary Figure 1A & B). In the anticoagulant cohort, patients utilized 7132 unique pharmacies to fill
their index prescription, and they received prescriptions from 7886 unique prescribers; there were 6317 unique
providers associated with the index visit (Supplementary Figure 2A). In the statin cohort, patients utilized 45,600
unique pharmacies to fill their index prescription, and they received prescriptions from 119,584 unique prescribers;
there were 95,656 unique providers associated with the index visit (Supplementary Figure 2B).
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Table 1. Means and prevalences of all measured covariates and outcome by medication cohort and exposure group.
Variables Anticoagulant cohort Statin cohort

NOAC (n = 4455) Warfarin (n = 4997) High intensity (n = 117,453) Low intensity (n = 311,081)

Proportion of days covered

Mean 0.61 0.61 0.58 0.58

Standard deviation 0.35 0.32 0.32 0.33

Patient characteristics

Age (mean) 61.7 64.0 53.5 53.4

Female 28.4 31.8 37.8 45.7

Year:

– 2007 – – 3.0 3.0

– 2008 – – 24.2 22.4

– 2009 – – 19.7 21.1

– 2010 3.6 16.5 17.0 20.3

– 2011 45.4 45.4 16.9 17.9

– 2012 51.0 38.1 19.2 15.4

Coronary artery diseases 31.0 38.0 21.7 11.9

Myocardial infarction 28.0 44.1 10.7 7.3

Valvular heart disease 0.6 1.3 0.2 0.1

Revascularization 2.4 5.6 5.8 2.3

Stroke 2.8 4.5 1.3 1.1

Peripheral artery disease 2.5 3.8 1.1 0.8

Asthma 6.3 7.4 4.5 4.8

Chronic obstructive pulmonary
disease

3.7 5.6 1.6 1.5

Hypertension 75.7 78.4 60.5 57.6

Diabetes mellitus 25.2 30.0 25.6 24.9

ESRD 0.2 1.8 0.2 0.2

Acute renal failure 4.1 9.5 1.1 0.8

Alzheimer’s disease or other
dementia

1.9 2.9 0.7 0.7

Depression 6.2 6.8 7.1 7.7

Cancer 20.7 21.8 11.2 11.4

Combined comorbidity score
(mean)

1.8 2.6 0.1 0.1

Number of unique medications
(mean)

10.3 11.6 7.4 7.1

Number of physician office
visits (mean)

8.3 9.1 5.8 5.8

Number of hospitalizations
(mean)

0.5 0.8 0.2 0.1

Therapy characteristics

Generic 0.0 100.0 23.6 88.4

Days supply �30 8.4 12.4 14.9 14.1

Out-of-pocket spending (US$,
mean)

53.1 7.9 28.9 11.9

Drug on formulary 16.5 100.0 98.3 99.6

Dispensed as written 2.0 3.4 5.6 1.5

Characteristics of healthcare characteristics

Formulary type:

– Open 21.8 26.7 13.4 14.3

†Number of providers, prescribers and pharmacies is the total, based on all healthcare claims, for each patient during the 365 days prior to the index date.
‡Prescriber preference is defined as the proportion of patients that the prescriber initiated on an NOAC in the anticoagulant cohort and the proportion initiated on a high-intensity statin
in the statin cohort.
EPO: Exclusive provider organization; ESRD: End stage renal disease; HMO: Health maintenance organization; IND: Indemnity; NOAC: New oral anticoagulant; PCP: Primary care provider;
POS: Point of service; PPO: Preferred provider organization.
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Table 1. Means and prevalences of all measured covariates and outcome by medication cohort and exposure group
(cont.).
Variables Anticoagulant cohort Statin cohort

NOAC (n = 4455) Warfarin (n = 4997) High intensity (n = 117,453) Low intensity (n = 311,081)

– Incentive 76.9 71.8 85.8 85.0

– Other 1.3 1.5 0.8 0.7

Insurance plan type:

– EPO 11.8 11.9 15.5 15.1

– HMO 5.1 4.4 5.4 5.0

– IND 11.5 18.5 2.9 3.3

– POS 67.7 61.4 71.7 71.9

– PPO 4.0 3.8 4.5 4.6

Number of providers† (mean) 12.9 15.8 7.6 7.2

Number of prescribers (mean) 4.4 4.5 2.7 2.7

Number of pharmacies (mean) 2.4 2.4 1.9 1.9

Visit with cardiologist and PCP
in prior 365 days

83.8 80.2 29.5 22.2

Copay associated with index
office visit (US$, mean)

213.1 227.8 90.1 53.8

Pharmacy characteristics

Mail-order pharmacy 7.5 4.2 10.6 7.0

Specialty pharmacy 0.4 0.3 0.3 0.3

Previously-visited pharmacy 81.6 83.9 78.7 80.9

Prescriber characteristics

Prescriber preference‡ 89.2 6.6 53.2 18.4

Median age of patients 61.6 63.8 53.8 53.9

Mean number of patients’
physician visits

8.5 9.0 6.1 5.9

Mean number of patients’
hospitalizations

0.6 0.8 0.2 0.1

Proportion of patients with
Charlson �3

14.4 26.0 2.8 2.4

Provider characteristics

Provider type and place of
service:

– Cardiologist – office 41.6 26.1 10.9 6.9

– Cardiologist – other 8.0 4.4 1.8 1.2

– Hospital 31.7 43.0 11.1 7.5

– PCP – office 15.1 22.4 74.9 83.2

– PCP – other 3.7 4.2 1.3 1.3

Median age of patients 60.8 62.2 53.6 53.7

Mean number of patients’
physician visits

8.7 9.1 5.9 5.8

Median copay of patients’
index visits (US$)

12.2 10.4 14.8 14.7

State characteristics

Proportion of patients that
received index prescription
inpatient

42.6 42.4 4.5 4.5

Number of unique prescribers
per patient

4.7 4.6 2.4 2.4

Number of unique providers
per patient

15.8 15.7 7.8 7.8

†Number of providers, prescribers and pharmacies is the total, based on all healthcare claims, for each patient during the 365 days prior to the index date.
‡Prescriber preference is defined as the proportion of patients that the prescriber initiated on an NOAC in the anticoagulant cohort and the proportion initiated on a high-intensity statin
in the statin cohort.
EPO: Exclusive provider organization; ESRD: End stage renal disease; HMO: Health maintenance organization; IND: Indemnity; NOAC: New oral anticoagulant; PCP: Primary care provider;
POS: Point of service; PPO: Preferred provider organization.
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Table 1. Means and prevalences of all measured covariates and outcome by medication cohort and exposure group
(cont.).
Variables Anticoagulant cohort Statin cohort

NOAC (n = 4455) Warfarin (n = 4997) High intensity (n = 117,453) Low intensity (n = 311,081)

Median copay of patients’
index visits (US$)

0.0 0.0 12.5 11.4

Proportion of patients with
each plan type:

12.4 11.7

– EPO 6.4 6.0 15.2 14.7

– HMO 9.7 11.0 6.2 6.2

– IND 67.8 67.6 3.5 3.8

– POS 3.6 3.6 69.4 69.5

– PPO 42.6 42.4 5.5 5.6

†Number of providers, prescribers and pharmacies is the total, based on all healthcare claims, for each patient during the 365 days prior to the index date.
‡Prescriber preference is defined as the proportion of patients that the prescriber initiated on an NOAC in the anticoagulant cohort and the proportion initiated on a high-intensity statin
in the statin cohort.
EPO: Exclusive provider organization; ESRD: End stage renal disease; HMO: Health maintenance organization; IND: Indemnity; NOAC: New oral anticoagulant; PCP: Primary care provider;
POS: Point of service; PPO: Preferred provider organization.

Mean PDC was slightly higher among anticoagulant users compared with statin users (Table 1) but similar
between NOAC and warfarin initiators and between high-intensity and low-intensity statin initiators. Overall,
the anticoagulant cohort was slightly older than the statin cohort and had more comorbidities and health services
usage. Anticoagulants were more likely to be dispensed in supplies of ≤30 days to patients with a higher number
of unique providers and unique prescribers.

Within the anticoagulant cohort, patients initiating an NOAC were on average younger (62 years) than patients
initiating warfarin (64 years) were less likely to be female (28 vs 32%) and had lower rates of all evaluated
comorbidities. NOAC initiators also had higher out-of-pocket costs for their index prescription fill ($53 vs $8) and
were more likely to have a point of service insurance plan type (68 vs 61%).

Within the statin cohort, patients initiating high-intensity statins were of similar age to patients initiating low-
intensity statins (53.5 vs 53.4 years) but were less likely to be female (38 vs 46%) and were more likely to have
nearly all evaluated comorbidities. Patients initiating a high-intensity statin were much less likely to have received
a generic for their index statin fill (24 vs 88%) and therefore had higher out-of-pocket spending on their index fill
(US$29 vs US$12). High-intensity statin users also had higher costs associated with their index visit (US$90 vs
US$54).

Variation in adherence
Anticoagulant cohort

Variation in adherence explained by each model under consideration is reported in Table 2. When evaluating
individual sets of fixed effects in the anticoagulant cohort, patient characteristics and prescriber characteristics each
explained the largest proportions of variation (7.2 and 4.3%, respectively); however, when patient characteristics
were already in the model, adding prescriber characteristics provided no additional explanatory power (8.1 vs
8.0%), suggesting that patient and prescriber characteristics are correlated and explain heterogeneity in adherence
in similar ways. Addition of pharmacy and state characteristics also had little impact on R2, but adding provider
characteristics, including provider type, increased variation explained from 8.0 to 8.5%. When evaluating random
effects alone, there was little heterogeneity in patient adherence across pharmacies, prescribers, providers and states,
likely due to the fact that most of these entities contained only one patient in the cohort.

The factors most associated with better adherence to oral anticoagulants were a prior stroke, hypertension,
initiation of rivaroxaban as opposed to dabigatran or warfarin, longer days supply on the index fill and receiving
that prescription from a cardiologist in an office setting, as opposed to a nonoffice setting, including hospitals,
skilled nursing facilities and the patient’s home (Table 3). The factors most strongly associated with worse adherence
included prior revascularization and diagnosis with depression.
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Table 2. Variation in adherence explained by varying sets of fixed and random effects.
Models Fixed effects Random effects All effects

R2 CV R2 R2 CV R2 R2 CV R2

Anticoagulant cohort

Patient 0.078 0.072 – – – –

Therapy 0.018 0.016 – – – –

Healthcare 0.027 0.024 – – – –

Pharmacy 0.015 0.014 0.149 0.010 0.109 0.012

Prescriber 0.044 0.043 0.158 0.002 0.142 0.043

Provider 0.044 0.042 0.052 0.001 0.063 0.042

State 0.006 0.003 0.008 0.002 0.008 0.003

Patient + therapy 0.087 0.080 – – – –

Patient + therapy +
healthcare

0.091 0.081 – – – –

Patient + therapy +
healthcare +
pharmacy

0.091 0.081 – – 0.135 0.080

Patient + therapy +
healthcare +
pharmacy +
prescriber

0.091 0.080 – – 0.236 0.080

Patient + therapy +
healthcare +
pharmacy +
prescriber + provider

0.098 0.085 – – 0.206 0.085

Patient + therapy +
healthcare +
pharmacy +
prescriber + provider
+ state

0.099 0.085 – – 0.206 0.084

Statin cohort

Patient 0.047 0.047 – – – –

Therapy 0.027 0.027 – – – –

Healthcare 0.014 0.014 – – – –

Pharmacy 0.022 0.022 0.084 0.036 0.130 0.037

Prescriber 0.019 0.019 0.119 0.022 0.158 0.034

Provider 0.020 0.020 0.108 0.024 0.147 0.035

State 0.008 0.008 0.009 0.009 0.059 0.009

Patient + therapy 0.067 0.066 – – – –

Patient + therapy +
healthcare

0.068 0.068 – – – –

Patient + therapy +
healthcare +
pharmacy

0.070 0.070 – – 0.165 0.076

Patient + therapy +
healthcare +
pharmacy +
prescriber

0.071 0.071 – – 0.216 0.078

Patient + therapy +
healthcare +
pharmacy +
prescriber + provider

0.073 0.072 – – 0.219 0.078

Patient + therapy +
healthcare +
pharmacy +
prescriber + provider
+ state

0.076 0.076 – – 0.216 0.079
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Table 3. Estimated mean difference in proportion of days covered associated with each independent variable (fixed
effects only).
Covariates Anticoagulant cohort Statin cohort

Coefficient estimate 95% CI Coefficient estimate 95% CI

Patient characteristics

Age 0.004 (0.003, 0.005) 0.004 (0.004, 0.004)

Female -0.001 (-0.016, 0.013) 0.039 (0.037, 0.041)

Year (ref: 2010):

– 2011 0.000 (-0.023, 0.023) 0.027 (0.021, 0.032)

– 2012 -0.012 (-0.035, 0.011) 0.004 (-0.002, 0.010)

Coronary artery diseases 0.006 (-0.010, 0.021) 0.000 (-0.006, 0.006)

Myocardial infarction 0.008 (-0.011, 0.028) -0.006 (-0.012, 0.000)

Valvular heart disease -0.043 (-0.110, 0.024) -0.009 (-0.015, -0.003)

Revascularization -0.051 (-0.086, -0.016) 0.007 (0.003, 0.010)

Stroke 0.161 (0.124, 0.197) 0.013 (0.008, 0.019)

Peripheral artery disease -0.030 (-0.069, 0.008) 0.008 (-0.017, 0.033)

Chronic obstructive pulmonary
disease

-0.021 (-0.048, 0.005) 0.160 (0.153, 0.167)

Asthma -0.011 (-0.043, 0.021) 0.041 (0.031, 0.051)

Hypertension 0.056 (0.038, 0.073) 0.012 (0.002, 0.023)

Diabetes mellitus 0.021 (0.005, 0.037) -0.019 (-0.023, -0.014)

ESRD -0.033 (-0.099, 0.033) -0.030 (-0.038, -0.022)

Acute renal failure -0.017 (-0.046, 0.012) 0.012 (0.010, 0.014)

Alzheimer’s disease or other
dementia

-0.010 (-0.054, 0.033) -0.015 (-0.017, -0.012)

Depression -0.044 (-0.071, -0.017) -0.012 (-0.036, 0.012)

Cancer -0.005 (-0.021, 0.012) 0.014 (0.004, 0.025)

Combined comorbidity score 0.002 (-0.004, 0.007) -0.001 (-0.013, 0.011)

Number of unique medications 0.008 (0.006, 0.009) 0.005 (0.002, 0.009)

Number of physician office
visits

-0.003 (-0.005, 0.000) 0.024 (0.021, 0.027)

Number of hospitalizations -0.012 (-0.032, 0.007) -0.007 (-0.008, -0.006)

Characteristics of index prescription fill therapy characteristics

Index anticoagulant
(ref: dabigatran):

– Rivaroxaban 0.056 (0.017, 0.095) – –

– Warfarin -0.023 (-0.077, 0.030) – –

Index statin (ref: low-intensity):

– High-intensity – – -0.009 (-0.012, -0.006)

– Generic – – 0.004 (0.001, 0.007)

Days supply �30 0.071 (0.043, 0.100) 0.097 (0.093, 0.100)

Out-of-pocket spending (per
US$10)

-0.001 (-0.004, 0.001) -0.002 (-0.003, -0.002)

Drug on formulary -0.012 (-0.055, 0.031) 0.054 (0.043, 0.065)

Dispensed as written 0.037 (-0.003, 0.076) 0.030 (0.024, 0.036)

Characteristics of healthcare characteristics

Formulary type (ref: open):

– Incentive -0.021 (-0.039, -0.003) -0.012 (-0.015, -0.009)

– Other 0.002 (-0.057, 0.061) -0.006 (-0.018, 0.005)

Insurance plan type (ref: EPO):

– HMO -0.026 (-0.065, 0.014) -0.002 (-0.007, 0.003)

– IND 0.004 (-0.029, 0.037) -0.002 (-0.009, 0.004)

– POS -0.006 (-0.027, 0.016) 0.016 (0.013, 0.018)

EPO: Exclusive provider organization; ESRD: End stage renal disease; HMO: Health maintenance organization; IND: Indemnity; PCP: Primary care provider; POS: Point of service; PPO: Pre-
ferred provider organization.
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Table 3. Estimated mean difference in proportion of days covered associated with each independent variable (fixed
effects only) (cont.).
Covariates Anticoagulant cohort Statin cohort

Coefficient estimate 95% CI Coefficient estimate 95% CI

– PPO 0.002 (-0.039, 0.043) 0.003 (-0.002, 0.009)

Number of providers 0.000 (-0.001, 0.001) 0.001 (0.001, 0.002)

Number of prescribers -0.008 (-0.012, -0.004) 0.001 (0.000, 0.002)

Number of pharmacies 0.002 (-0.003, 0.007) -0.002 (-0.003, -0.001)

Visit with both cardiologist and
PCP in prior 365 days

0.022 (0.004, 0.040) -0.005 (-0.007, -0.002)

Copay associated with index
office visit (per US$100)

0.000 (-0.001, 0.001) 0.001 (0.000, 0.001)

Pharmacy characteristics

Mail-order pharmacy 0.022 (-0.016, 0.060) 0.068 (0.063, 0.073)

Specialty pharmacy 0.003 (-0.103, 0.110) -0.029 (-0.047, -0.011)

Previously-visited pharmacy 0.006 (-0.012, 0.025) 0.022 (0.020, 0.025)

Prescriber characteristics

Prescriber preference (per 10%) -0.003 (-0.007, 0.000) -0.002 (-0.002, -0.001)

Median age of patients 0.000 (-0.001, 0.002) 0.001 (0.001, 0.001)

Mean number of patients’
physician visits

-0.001 (-0.004, 0.002) 0.000 (0.000, 0.001)

Mean number of patients’
hospitalizations

-0.002 (-0.022, 0.018) -0.006 (-0.011, -0.002)

Percent of patients with
Charlson �3 (per 10%)

-0.001 (-0.003, 0.002) 0.000 (-0.001, 0.001)

Provider characteristics

Provider type and place of
service (ref: cardiologist –
office):

– Cardiologist – other -0.093 (-0.122, -0.064) -0.001 (-0.010, 0.008)

– Hospital -0.063 (-0.084, -0.043) -0.017 (-0.023, -0.012)

– PCP – office -0.033 (-0.053, -0.014) -0.020 (-0.024, -0.016)

– PCP – other -0.069 (-0.104, -0.033) -0.060 (-0.069, -0.051)

Median age of patients 0.000 (-0.001, 0.002) 0.001 (0.000, 0.001)

Mean number of patients’
physician visits

0.000 (-0.002, 0.003) -0.001 (-0.001, 0.000)

Median copay of patients’
index visits (per US$10)

0.000 (-0.002, 0.002) -0.003 (-0.004, -0.003)

State characteristics

Proportion of patients that
received index prescription
inpatient

0.001 (-0.001, 0.003) 0.003 (0.001, 0.006)

Number of unique prescribers
per patient

-0.017 (-0.052, 0.019) -0.027 (-0.035, -0.019)

Number of unique providers
per patient

0.002 (-0.007, 0.010) -0.005 (-0.008, -0.002)

Proportion of patients with
each plan type:

– HMO 0.021 (-0.026, 0.069) -0.002 (-0.002, -0.001)

– IND 0.021 (-0.025, 0.068) -0.002 (-0.002, -0.001)

– POS 0.021 (-0.027, 0.068) 0.001 (0.000, 0.002)

– PPO 0.020 (-0.027, 0.067) 0.001 (0.000, 0.003)

EPO: Exclusive provider organization; ESRD: End stage renal disease; HMO: Health maintenance organization; IND: Indemnity; PCP: Primary care provider; POS: Point of service; PPO: Pre-
ferred provider organization.
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Statin cohort

The variation in adherence explained by model fixed effects was generally lower in the statin cohort compared
with the anticoagulant cohort (Table 2). For example, patient characteristics now explain just 4.7% of the variation
in adherence and prescriber characteristics explain only 1.9%. Characteristics of the index prescription fill were
slightly more important in explaining variation in adherence compared with the anticoagulant cohort at 2.7%.
When patient and therapy characteristics were combined, 6.6% of variation was explained, and addition of all
other fixed effects added little to model explanatory power.

In the random effects models, 3.6% of the variation in adherence could be attributed to the individual pharmacy
where the patient filled his medication. Prescriber and provider random effects were associated with even less
heterogeneity, and there was essentially no variation across states. In the models that added these random effects to
the fixed effects, there was almost no additional variation explained, suggesting that the little heterogeneity observed
across pharmacies, prescribers, providers and states can be explained almost entirely by the characteristics included
in the fixed effects.

When considering all fixed effects, the factors with the largest associations with better adherence to statins were
diagnosis with chronic obstructive pulmonary disease, index medication supply of >30 days, presence of the index
drug on the pharmacy benefits formulary and filling the index prescription from a mail-order pharmacy (Table 3).
The factor most strongly associated with poor adherence was having an index visit with a PCP in a nonoffice
setting.

Subgroup analyses
Anticoagulant cohort

Within the subgroup of patients with kidney disease or renal impairment (n = 955), adherence to anticoagulant
therapy was not explained well by any of the models explored (Supplementary Table 5A). Even patient character-
istics were associated with just 0.9% of variation explained. Within the subgroup of patients with no evidence of
kidney disease or renal impairment, the explanatory power of models was increased slightly from that observed in
the full cohort. The patterns of R2 values were same in this subgroup as in the overall cohort, including the highest
R2 associated with patient characteristics and increases in R2 when adding therapy characteristics and provider
characteristics to the model.

Statin cohort

In the subgroup of patients with no evidence of a prior coronary event, results were largely similar to the results in the
full cohort of statin initiators, although patient characteristics were found to be slightly less important determinants
of adherence (Supplementary Table 5B). In the secondary prevention subgroup, patient characteristics were more
important in determining adherence to statins, explaining 7.8% of the observed variation. Most other fixed and
random effects explained little variation. In the recent hospitalization subgroup, patient factors were again the most
important determinant of statin adherence, while other factors, including the hospital from which the patient had
been discharged (the provider), provided almost no explanatory power.

Discussion
In the example CER cohorts explored in this study, we found that adherence to study medications varied across the
healthcare system, but the amount and type of variation depended on the clinical context. For example, adherence to
oral anticoagulants varied considerably across the healthcare system, and much of that variation could be explained
by patient, therapy and provider characteristics. In the statin cohort, there was much less heterogeneity in adherence,
and it was primarily explained by patient and therapy characteristics. Although the cross-validated proportion of
variance explained was generally small across both cohorts, these findings are in line with prior research evaluating
adherence prediction [12]. Differences between cohorts may be attributable to differences between these two classes
of drugs.

Within the class of anticoagulants, NOACs have only recently been approved, and they are more expensive and
not as widely available as warfarin; thus, the healthcare environment and provider characteristics are important
determinants of patient access to medication and subsequent adherence. In addition, NOACs and warfarin have
essentially identical indications, so the choice between these drugs is more likely to be dependent on those
characteristics of the healthcare environment that determine access to the more expensive drug as well as prescriber
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preference. In contrast, most statins have been on the market for a longer period of time, are available as a generic,
and are listed on lower formulary tiers. Therefore, even for high-intensity statins, patient access to medication
does not pose a major barrier to adherence, and healthcare system factors that determine access are less influential.
Furthermore, treatment choice between high-intensity and low-intensity statins is more likely to be driven by
patient clinical characteristics, since high-intensity statins are indicated for patients with a history of cardiovascular
events or other strong risk factors for cardiovascular disease. Treatment choice is less likely to be driven by prescriber
preference or other healthcare characteristics.

Within each of these cohorts, the importance of healthcare system factors also differed across clinical subgroups. In
the anticoagulant cohort, therapy and provider characteristics were no longer important determinants of adherence
among patients with potential contraindications for therapy, such as anticoagulant patients with renal impairment.
Similarly, among statin patients with less clear indications for therapy, such as those with no prior coronary event,
the importance of healthcare system factors on adherence was reduced. These results further support the conclusion
that the utility of these variables depends strongly on the clinical context.

Our results also indicate that the proportion of variation explained by the heterogeneity across pharmacies,
prescribers and providers did not depend strongly on the number of patients clustered within each unit; both
cohorts had little variation in adherence across the random effects. The anticoagulant cohort generally had little
clustering. For example, 86% of prescribers contributed just one patient to the cohort. In contrast, the statin cohort
had considerably more clustering of patients within the healthcare hierarchies of interest. Only 46% of prescribers
contributed just one patient to the cohort. This difference between cohorts is due to the fact that patients could
accrue in the statin cohort over a much longer period of time (6 years), allowing individual prescribers to contribute
a larger number of patients meeting cohort inclusion criteria. The clustering observed within states was similar
between the two cohorts and generally reflects the availability of UnitedHealth insurance plans within each state.

Although we were able to identify a prescriber, provider, pharmacy and state for nearly all patients initiating one
of the study drugs, approximately 25% of patients in each cohort were excluded because the index visit was with
a provider type that was unlikely to be the source of the prescription, for example, chiropractor, acupuncturist or
home health aide. Therefore, the provider identified in the most recent visit may often not be the prescriber, despite
the fact that for most patients in both cohorts, the identified index visit occurred a short time prior to the index
prescription fill (Supplementary Table 6). For example, 91 and 98% of patients in the statin and anticoagulant
cohorts, respectively, had an index visit within 30 days.

In studying medication adherence, pharmacy claims are generally considered to be a highly accurate source of
information [30–32]. However, the exact timing of nonadherence behaviors cannot be judged, since patients may
stop medication use prior to their observed gap in prescription refills, resulting in overestimation of their overall
adherence. Frequent switching among statins due to medication side effects may make statins particularly prone
to overestimation of adherence, since we may count pills toward the days supply that were likely thrown away. In
addition, the clinical impact of nonadherence is likely to differ across the different drug regimens assessed. Thus, the
impact on adherence of specific patient and healthcare factors may translate into larger or smaller clinical impacts,
depending on the drug. The use of a commercial insurance claims database, UnitedHealth, may also have limited
the generalizability of the findings of this study to uninsured and other noncommercial insurance populations. For
example, the impact of costs may be significantly higher in patients with low socioeconomic status, including those
receiving coverage from government insurance programs such as Medicare or Medicaid. Lack of any pharmacy
benefit coverage would likely overwhelm the impact of all other factors on medication adherence. Furthermore, the
proportion of variation explained could be increased through the use of nonlinear terms or interactions; however,
the already very large size of these models made the inclusion of many of such terms computationally infeasible.

Conclusion
From these results, we recommend that investigators planning a CER study consider the role of healthcare system
factors and their potential to influence medication adherence and effectiveness, particularly if adherence differs
between the two comparator drugs. Some variables, such as provider type, could easily be controlled via inclusion
in a propensity score or multivariate outcome model. The individual prescriber or provider was less influential on
adherence, and therefore it may not be necessary to account for these variables. Further research should evaluate
whether controlling for indications for treatment, such as those used to create analytic subgroups in this study,
could mitigate potential confounding from healthcare system factors.
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Summary points

� Adherence to medication is an important modifier of the comparative effectiveness of medications.
� Both adherence and therapeutic preference may vary across the healthcare system, potentially impacting the

results of comparative effectiveness research.
� Therapy and provider characteristics were the largest sources of heterogeneity in adherence across the

healthcare system.
� Patient characteristics influencing adherence to oral anticoagulants included prior stroke and end stage renal

disease. Important healthcare characteristics included insurance plan type and seeing both a primary care
provider and a cardiologist during the year before anticoagulant initiation.

� Patient characteristics influencing adherence to statins included prior revascularization; important characteristics
of the index prescription fill included longer days supply and presence of the drug on the pharmacy benefits
formulary.

� The dependence of adherence on the healthcare system was stronger when the healthcare system influenced
treatment choice and patient access to medication and when indications for treatment were strong.
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