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ABSTRACT
BACKGROUND: The National Quality Forum recently endorsed the proportion of days covered (PDC)—a measure of medication adherence—as an
indicator of quality in drug therapy management.
OBJECTIVE: To inform initial efforts to improve the quality of drug therapy
management, we compared PDC and persistence among new users of 6
commonly used chronic medication categories.
METHODS: A retrospective analysis of pharmacy claims in a database of
more than 64 million members enrolled in 100 health plans assessed persistence and adherence to drug therapy in 6 chronic conditions. Patients
were included in the analysis if they initiated a prescription drug of interest
in any of 6 drug classes—prostaglandin analogs, statins, bisphosphonates,
oral antidiabetics, angiotensin II receptor blockers (ARBs), and overactive
bladder (OAB) medications—between January 1 and December 31, 2005.
The first claim for a drug of interest during this period was considered
a patient’s index date. Patients were required to have a minimum of 12
months of continuous enrollment both preceding and following their index
date. New users of a treatment were identified by excluding patients who
filled a prescription for any drug in the same class during the previous 12
months and were followed for a minimum of 12 months. Nonpersistence
was defined as discontinuation of the therapy class following an allowed
gap between refills—30-, 60-, and 90-day refill gaps were used.
Adherence was defined as a continuous measure of the proportion of days
covered (PDC) during the 12-month post-index period. Logistic regression
analyses predicted (a) nonpersistence during the 12-month post-index
period and (b) adherence (PDC) of at least 80%, with drug class as the
predictor variable of interest, controlling for demographic variables, insurance and plan type, history of hospitalization, Charlson comorbidity score,
copayment for index medication, and number of medications at index.
RESULTS: A total of 167,907 patients were identified across 6 cohorts.
Using the 60-day gap, 6-month persistence rates were prostaglandin
analogs 47%, statins 56%, bisphosphonates 56%, oral antidiabetics 66%,
ARBs 63%, and OAB medications 28%. After the first 90 days of therapy,
relative persistence was stable across cohorts, and rates declined consistently from 6 months post-index to study end. Logistic regression models
showed that oral antidiabetic users had a 59%, 36%, 37%, and 79%
decreased risk of nonpersistence in a 12-month follow-up period compared
with patients taking prostaglandin analogs, statins, bisphosphonates, or
OAB medications, respectively. Risk of nonpersistence decreased with
increasing age. Mean (SD) 12-month adherence rates were: prostaglandin
analogs 37% (26%), statins 61% (33%), bisphosphonates 60% (34%), oral
antidiabetics 72% (32%), ARBs 66% (32%), and OAB medications 35%
(32%). Logistic regression indicated that oral antidiabetic use was a significant predictor of adherence (PDC) of at least 80% compared with other
therapy classes. Adjusted odds ratios for oral antidiabetics were 17.60
(95% confidence interval [CI] = 15.38-20.14) versus prostaglandin analogs,
2.06 (95% CI = 1.99-2.12) versus statins, 1.92 (95% CI = 1.83-2.02) versus
bisphosphonates, 1.29 (95% CI = 1.24-1.34) versus ARBs, and 5.77 (95%
CI = 5.38-6.19) versus OAB medications.
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CONCLUSION: This analysis of adherence (PDC) and persistence across a
sample of 6 chronic therapies found variable but uniformly suboptimal medication use. Adherence to prostaglandin eye drops and OAB medications was
lower than to cardiovascular, oral antidiabetic, and oral osteoporosis therapies. These findings provide useful baseline information for the development
of initiatives to improve the quality of drug therapy management.
J Manag Care Pharm. 2009;15(9):728-40
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What is already known about this subject
• The National Quality Forum recently endorsed medication adherence—specifically, the proportion of days covered (PDC)—as an
indicator of quality in drug therapy management.
• Existing analyses of persistence and adherence are of limited use
in quality improvement efforts because they use a variety of metrics and rarely compare persistence and adherence across multiple
chronic therapies.

What this study adds
• This study is, to the best of our knowledge, the first attempt to
measure the PDC in multiple chronic therapeutic areas.
• In this analysis of patients new to their therapeutic class, mean
12-month adherence rates (based on PDC calculations) were as
follows: prostaglandin analogs 37%, statins 61%, bisphosphonates
60%, oral antidiabetics 72%, angiotensin II receptor blockers
66%, and overactive bladder medications 35%.
• This study provides nationally representative baseline adherence information for commercially insured individuals, identifies substantial differences across therapy areas, and suggests
important opportunities to improve the quality of drug therapy
management.

N

onadherence to prescription medications has received
increased attention as a public health problem. In 2003,
the World Health Organization identified medication
nonadherence as a leading cause of preventable morbidity, mortality, and health care costs.1 A recent report by the New England
Healthcare Institute estimated the burden of nonadherence,
along with suboptimal diagnosis, prescribing, and medication
administration, to be $290 billion per year.2 In 2007, the National
Council on Patient Information and Education issued a “National
Action Plan” that called for efforts on the part of all stakeholders
to improve medication adherence.3 One potentially important
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step forward in addressing the problem of nonadherence came in
2009 when the National Quality Forum endorsed 18 measures
to assess prescribing and use of appropriate medications.4 Six
of the 18 quality measures assess medication adherence via the
proportion of days covered (PDC) in the therapeutic categories of
statins, calcium channel blockers, angiotensin II receptor blockers (ARBs) and angiotensin-converting enzyme (ACE) inhibitors,
oral antidiabetic drugs, and antipsychotics. The development of
adherence-related quality measures is intended to enable quality
improvement programs that align patient, provider, and payer
incentives toward optimal use of specific prescribed therapies.
Efforts to improve therapy management in general and
adherence in particular should be informed by current, representative, and consistent benchmark data on adherence levels
in therapeutic classes of interest. Such data would describe the
magnitude of nonadherence, identify differences across treatment
categories, and facilitate priority setting for new interventions.
Unfortunately, such data are scarce because most adherence and
persistence analyses focus on a single drug or drug class.5-7 Even
recent research comparing across-treatment adherence rates for
medications to treat epilepsy, diabetes, dyslipidemia, and hypertension have been limited to within-class comparisons.8-11 In one
exception, a 2008 study by Briesacher et al. analyzed medication
possession ratios (MPRs) in 7 different chronic disease cohorts;
prior to this research, the last major study to apply a consistent
methodology to compare adherence rates across therapeutic areas
was published more than 20 years ago.8,12 To our knowledge, no
comparative adherence studies have been performed using the
PDC.
The objective of this analysis was to assess variations in adherence and persistence—based on widely used measures, including
PDC—in a large, heterogenous patient population for 6 commonly used chronic medication classes: prostaglandin analogs
(indicated for glaucoma), statins (hyperlipidemia), bisphosphonates (osteoporosis), oral antidiabetic drugs (type 2 diabetes),
ARBs (hypertension), and antimuscarinics (overactive bladder
[OAB]). These therapeutic categories were selected because they
are widely used chronic medication classes, each is used to treat
a burdensome and costly chronic condition, and adherence has
been shown to be suboptimal.13-18 Therefore, these drug classes
rank high among future, potential candidates for adherence
interventions.
■■ Methods
Data Source
Data were gathered from the PharMetrics Patient-Centric
Database,19 a nationally representative database that includes
fully adjudicated medical and pharmaceutical claims from
more than 64 million individual members enrolled in 100 U.S.
health plans (approximately 16 million covered enrollees per
year). The database includes both inpatient and outpatient diagnoses (in International Classification of Diseases, Ninth Revision,
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Clinical Modification [ICD-9-CM] format); procedures (in Current
Procedural Terminology, 4th edition [CPT-4] and Healthcare
Common Procedure Coding System [HCPCS] formats); and retail
and mail order pharmacy claims. Available data on pharmacy
claims include the National Drug Code (NDC) as well as the
quantity of the medication dispensed. Both paid and charged
amounts are available for all services rendered, as well as dates
of service for all medical and pharmacy claims. Additional data
elements available in the database include demographic variables
(age, gender, and geographic region), product type (e.g., health
maintenance organization [HMO], preferred provider organization [PPO]), payer type (e.g., commercial, self-insured), provider
specialty, and beginning and ending dates of health plan enrollment. Records in the PharMetrics database are generally representative of the national, commercially insured population in
terms of age, gender, and type of health plan. The data are also
longitudinal, with an average duration of member enrollment of
2 years.
Patients
Patients were included in the analysis if they initiated a retail
or mail-order prescription drug of interest (Table 1) between
January 1 and December 31, 2005. The first claim for a drug of
interest during this period was considered a patient’s index date,
and patients were not required to have subsequent prescriptions
for inclusion. New users of a treatment were identified by excluding patients who filled a prescription for any drug in the same
class (or therapeutic equivalent) during the previous 12 months.
Patients in the oral antidiabetic group with pre-index pharmacy
claims for insulin were excluded, as were ARB patients with preindex pharmacy claims for ACE inhibitors, as these medications
are viewed as therapeutically equivalent to their respective index
medications. Patients were also required to have a minimum of
12 months of continuous enrollment during both the pre- and
post-index periods (total of 24 months of continuous enrollment).
Additionally, patients could have had up to 12 additional (total
of 24 post-index) months of follow-up for the unadjusted assessment of persistence only. For patients initiated on more than 1
medication class of interest during 2005, only the first medication
within the time period was selected and assessed as the index
medication.
An ICD-9-CM diagnosis code for the chronic disease associated with its respective medication cohort was required in the
pre-index period to ensure appropriate indication (glaucoma,
ICD-9-CM codes 365.xx; disorders of lipoid metabolism, ICD9-CM codes 272.xx; osteoporosis, ICD-9-CM codes 733.0x;
diabetes mellitus, ICD-9-CM codes 250.xx; hypertensive disease,
ICD-9-CM codes 401.xx-404.xx; OAB, ICD-9-CM codes 596.51,
596.52, 596.55, 596.59, 788.3x, 788.41, 788.43, and 788.63).
Other exclusions included patients with any claim containing an
invalid days supply value (defined as a value of zero, a negative
integer, or missing during the post-index period) and patients for
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TABLE 1

Study Medications and Prescription Sample Sizes for Each Cohort
Number of
Pharmacy Claimsa

Drug Cohorts
Prostaglandin analogs
Latanoprost
Travoprost
Bimatoprost
Total

7,603
1,662
747
10,012

Total

166,764
44,015
45,874
32,104
25,242
15,047
4,738
3,837
337,621

Total

21,420
13,549
2,532
11
11
2
37,525

Statins
Atorvastatin calcium
Simvastatin
Ezetimibe–simvastatin
Rosuvastatin calcium
Lovastatin
Pravastatin sodium
Fluvastatin sodium
Aspirin buffered-pravastatin sodium
Bisphosphonates
Alendronate sodium
Risedronate sodium
Ibandronate sodium
Zoledronic acid
Etidronate disodium
Pamidronate disodium
Oral antidiabetics
Metformin Hcl
Glipizide
Pioglitazone Hcl
Rosiglitazone maleate

54,546
13,134
11,764
11,330

Drug Cohorts
Oral antidiabetics (continued)
Glimepiride
Glyburide
Glyburide-metformin
Rosiglitazone maleate–metformin Hcl
Nateglinide
Repaglinide
Total
ARBs
Losartan potassium & hydrochlorothiazide
Valsartan
Olmesartan medoxomil
Losartan potassium
Irbesartan
Telmisartan
Candesartan cilexetil
Eprosartan mesylate
Total
OAB medications
Tolterodine tartrate
Oxybutynin chloride
Solifenacin succinate
Darifenacin hydrobromide
Trospium chloride
Bethanechol chloride
Flavoxate Hcl
Hyoscyamine
Total

Number of
Pharmacy Claimsa
8,658
7,035
6,111
3,917
837
759
118,091
58,584
20,600
14,081
9,411
9,753
3,711
3,190
654
119,984
9,487
7,340
1,640
968
771
305
165
13
20,689

a Measured

during the time frame between the index date and the end of the 12-month follow-up period.
ARB = angiotensin II receptor blocker; OAB = overactive bladder.

whom complete utilization records were not available. To ensure
the availability of complete claims histories, patients aged 65
years or older were restricted to those enrolled in Medicare “risk”
plans. Details of inclusion and exclusion criteria are included in
the flow chart shown in Figure 1.
Measurements
Persistence. Patient persistence within the index class of medication was calculated for the post-index period until the patient
discontinued therapy, was lost to follow-up due to disenrollment
from the health plan (minimum of 12 months), or the maximum
24-month follow-up period ended, whichever event occurred
first. A patient was considered persistent until an excessive gap
in days supplied occurred; refill gaps of 30, 60, and 90 days
were used to calculate persistence for all cohorts. The end date of
persistence was considered the date on which the last prescription’s days supply should have ended. Medication persistence was
evaluated at a class level; patients who switched products within
their index medication class but did not exceed the permissible
730 Journal of Managed Care Pharmacy
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gap were considered persistent. Patients in the oral antidiabetic
cohort who switched to insulin during the follow-up period were
considered persistent; likewise, patients in the ARB cohort who
switched to ACE inhibitors during the follow-up period were
also considered to be persistent, as these medication classes were
considered to be therapeutically equivalent and interchangeable
for the purposes of this analysis.
In order to establish consistency with respect to adherence
rules, only 2.5 milliliter (ml) bottles of prostaglandin analogs
were included in the analysis; patients with prescriptions for
bottle sizes other than 2.5 ml were excluded from the analysis.
This decision rule allowed us to assign a reasonable grace period
for patient refills and also served to minimize the potential for
variability in number of doses per prescription. All prostaglandin analog eye drop prescriptions included in the study were
assumed to have a 60-day supply.
Adherence. Adherence was measured using the PDC for each of
the 6 drug class cohorts. This was calculated by taking patients’
total days supplied of index class medications for the 360-day
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FIGURE 1

Selection of Patients Initiating Chronic Medication Therapy
Patients who initiated prostaglandin analog, statin, bisphosphonate, oral
antidiabetic, ARB, or OAB medication between January 1 and December 31, 2005
N = 1,895,400

EXCLUDED PATIENTS
Filled a prescription for any drug in the same classa during the previous 12 months (n = 1,293,139)
Without a minimum 12 months of continuous enrollment during both pre- and post-indexb periods (n = 222,776)
With any claim with an invalid days supply in the post-index period (n = 45,559)
With an invalid payer type, plan type, age, or gender (n = 33,228)
Aged 65 years or older, not enrolled in Medicare “risk” plan (n = 54,204)
Filled prostaglandin prescription with package size other than 2.5 ml (n = 1,055)
No pre-index diagnosis for condition linked to index medication class (n = 77,532)

Patients available for analysis, by drug:
3,310 prostaglandin analog; 94,700 statin;
10,268 bisphosphonate; 22,031 oral antidiabetic;
29,876 ARB; 7,722 OAB
N = 167,907
a For

the oral antidiabetic and ARB classes, patients with pre-index use of insulin and ACE inhibitors, respectively, were also removed.
date was the date on which the first prescription for any medication of interest (see Table 1) was filled. For patients initiated on more than 1 medication class of
interest during 2005, only the first medication within the time period was selected and assessed as the index medication.
ACE = angiotensin-converting enzyme; ARB = angiotensin II receptor blocker; ml = milliliter; OAB = overactive bladder.

bIndex

period following the index date and dividing by 360. Using this
method, adherence was based on the entire year and not only on
patients’ persistent periods. For all unadjusted measures of PDC,
the medication cohort values were calculated and reported on a
continuous scale, with values from 0% to 100% and no minimum
threshold (e.g., 80% PDC). Days affected by overlapping prescriptions, as in the case of early refills, were assessed based on the
assumption that the prior supply was taken fully before the new
supply was initiated. The start date of days supplied for a refill
was delayed until the supply for the prior prescription had been
exhausted. Additionally, prescriptions extending beyond the end
of the 12-month follow-up were truncated at the index plus 360day mark (maximum PDC = 100%).
Statistical Analysis
Patient persistence was reported using Kaplan-Meier plots of time
to discontinuation for the minimum 12-month and maximum
24-month follow-up period. Continuous measure (minimum
0%, maximum 100%) PDC calculations were used to generate
medication cohort mean, median, and standard deviation for the
1-year post-index period.
In order to quantify differences in persistence and adherence

www.amcp.org

Vol. 15, No. 9

across treatments, we conducted multivariate regression analyses
using drug class as an indicator variable with the oral antidiabetic cohort as the reference and each of the other classes as
comparator groups. For ease of interpretation, the multiplicative
inverse of each group-specific parameter estimate was calculated
and presented in the tables. For the persistence comparison, we
employed a logistic regression model, with results reported as
odds ratios. The outcome of interest was nonpersistence, that is,
discontinuation of the index class within 360 days post-index.
Logistic regression analysis of nonpersistence within 360 days
was used instead of Cox proportional hazards analysis because
(a) visual inspection of Kaplan-Meier curves suggested nonproportional hazards in the first 60-120 days of therapy, making
Cox regression analysis inappropriate; and (b) the 360-day
time period is consistent with previous work and with recently
defined National Quality Forum standards.4,12 For the adherence
comparison, we used a logistic regression model in which the
outcome of interest was a PDC of 80% or more in the 360-day
post-index period.
For both logistic regression models, the following were
included as independent variables in addition to drug class: gender, age, geographic region, plan type (indemnity, HMO, PPO,
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TABLE 2

Baseline Characteristics of New Users for Each Drug Category
Prostaglandin
Analogs
(n = 3,310)

Statins
(n = 94,700)

Bisphosphonates
(n = 10,268)

Oral
Antidiabetics
(n = 22,031)

ARBs
(n = 29,876)

OAB
Medications
(n = 7,722)

Characteristic
Age
Mean
55.4
52.5
56.9
51.6
51.1
43.7
SD
11.6
9.1
7.9
10.5
10.0
18.3
Gender (n, %):
Male
1,512
45.7%
51,814
54.7%
565
5.5%
11,791
53.5%
14,456
48.4%
1,686
21.8%
Plan type (n, %):
HMO
1,098
33.2%
27,040
28.6%
3,029
29.5%
6,410
29.1%
6,399
21.4%
2,404
31.1%
Indemnity
159
4.8%
4,574
4.8%
685
6.7%
876
4.0%
1,774
5.9%
330
4.3%
POS
418
12.6%
10,226
10.8%
1,298
12.6%
2,295
10.4%
3,437
11.5%
1,030
13.4%
PPO
1,505
45.5%
48,748
51.5%
4,779
46.5%
11,430
51.9%
16,829
56.3%
3,733
48.3%
Other/unknown
130
3.9%
4,112
4.3%
477
4.6%
1,020
4.6%
1,437
4.8%
225
2.9%
Payer type (n, %):
Commercial
2,867
86.6%
87,985
92.9%
9,216
89.8%
20,152
91.5%
28,090
94.0%
7,023
90.9%
Medicaid
20
0.6%
420
0.4%
29
0.3%
236
1.1%
31
0.1%
126
1.6%
Medicare risk
316
9.5%
2,446
2.6%
661
6.4%
795
3.6%
812
2.7%
297
3.8%
Self-insured
86
2.6%
3,463
3.7%
298
2.9%
769
3.5%
804
2.7%
250
3.2%
Other/unknown
21
0.6%
386
0.4%
64
0.6%
79
0.4%
139
0.5%
26
0.3%
Charlson comorbidity scorea
Mean
0.5
0.6
0.6
1.4
0.6
0.5
SD
1.1
1.1
1.2
1.2
1.1
1.2
Hospitalization in baseline yearb (n, %):
≥ 1 hospitalization
208
6.3%
9,405
9.9%
823
8.0%
2,437
11.1%
2,559
8.6%
958
12.4%
Number of medications on hand at index datec
Mean
2.6
3.0
2.8
3.4
2.7
3.1
SD
2.0
2.0
2.1
2.2
1.9
2.2
Copayment for index medicationd
Mean
$26.4
$31.3
$33.6
$15.8
$30.5
$26.7
SD
$21.8
$35.5
$35.6
$23.0
$26.8
$27.4
aWeighted index in which a higher score indicates greater risk of mortality due to comorbid disease.20 Measured during the 1-year pre-index period using all available diagnosis code fields on the claim.
bMeasured during the 1-year pre-index period.
cDefined as the number of unique medications with prescription days supplied inclusive of patient’s index date (measured on index date).
d Defined as the patient copayment for the index prescription (measured on index date).
ARB = angiotensin II receptor blocker; HMO = health maintenance organization; OAB = overactive bladder; POS = point of service; PPO = preferred provider organization;
SD = standard deviation.

point of service [POS], or unknown), payer type (commercial,
Medicaid, Medicare “risk,” self-insured, or unknown), history of
pre-index period hospitalization (yes/no, as identified by revenue
codes indicating room and board charges in the 1-year pre-index
period), Charlson comorbidity score (a weighted index in which
a higher score indicates greater risk of mortality due to comorbid
disease, based on the 1-year pre-index period and all available
diagnosis codes), index medication copay (the copayment for the
first prescription of interest), and number of medications on hand
at index date (defined as the total number of unique prescriptions
with a days supplied value that included the index date).20
All data management and statistical analyses were completed
using SAS (SAS Institute Inc., Cary, NC) versions 8.2 and 9.1. The
a priori P value for statistical significance was 0.05.
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■■ Results
Demographics
After applying the study’s inclusion and exclusion criteria, the
following therapy cohorts were formed: 3,310 prostaglandin
analog patients, 94,700 statin patients, 10,268 bisphosphonate
patients, 22,031 oral antidiabetic patients, 29,876 ARB patients,
and 7,722 OAB medication patients. Mean ages across all
cohorts ranged from 43.7 years for patients on OAB medications
to 56.9 years for patients on bisphosphonates (Table 2). The percentages of males in the bisphosphonate and OAB medication
cohorts were low (5.5% and 21.8%, respectively), as these drugs
are used predominately by women. In all other cohorts, the percentage of male patients ranged from 45% to 55%. There were
no dramatic differences in patient distribution for the cohorts
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FIGURE 2

Time to Discontinuationa of 6 Chronic Therapy Classes, Allowing for 60-Day Treatment Gap
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Bisphosphonates
Prostaglandins
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0%

0
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90 120 150 180b 210 240 270 300 330 360 390 420 450 480 510 540 570 600 630 660 690 720
Days

a Discontinuation

was defined as the end
of days supplied
for an index medication class
pharmacy
claim immediately
preceding aOAB
60-day
gap in therapy. A minimum of 12
Prostaglandins
Statins
Bisphosphonates
Oral
antidiabetics
ARBs
medications
months (maximum 24 months) continuous eligibility following the index date (day 0) was required. Beginning at day 390, the denominator for the calculation consisted of
all remaining eligible patients with continuous enrollment through the end of the 30-day interval. Patients with continuous enrollment ending between day 360 and day
720 were censored at the point of their cessation of benefits.
bUsing the 60-day gap, 6-month persistence rates were prostaglandin analogs 47%, statins 56%, bisphosphonates 56%, oral antidiabetics 66%, ARBs 63%, and OAB medications 28%.
ARB = angiotensin II receptor blocker; OAB = overactive bladder.

with respect to geographic region, plan type, or payer type.
On average, patients taking oral antidiabetics scored slightly
higher (mean [SD] = 1.4 [1.2]) on the Charlson comorbidity index
compared with patients in the other cohorts (means of 0.5-0.6).
Prior to initiating their index therapy, patients in the oral antidiabetic medication cohort had a higher mean number of unique,
pre-index medication prescriptions on their index date (3.4,
compared with 2.6 to 3.1 for all other cohorts). More than 12% of
patients in the OAB cohort (12.4%) and 11.1% of patients in the
oral antidiabetic cohort had at least 1 hospitalization in the year
preceding treatment compared with less than 10% for all other
cohorts (range of 6.3%-9.9%).
Persistence
At 6 months post-index, with the application of a 60-day refill
grace period, persistence rates were 47% for prostaglandin analogs, 56% for statins, 56% for bisphosphonates, 66% for oral
antidiabetics, 63% for ARBs, and 28% for OAB medications
(Figure 2). At 1 year, these rates decreased to 32%, 43%, 41%,
54%, 50%, and 18%, respectively.
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The trends and relative patterns of cohort persistence remained
the same when adjusted for 30- and 90-day refill gaps (Figures
3 and 4). The lowest 6-month persistence rates were consistently
among patients taking prostaglandin analogs (35% with 30-day
gap; 57% with 90-day gap) and OAB medications (21% with
30-day gap; 32% with 90-day gap), whereas patients taking oral
antidiabetics had the highest persistence rates (53% with 30-day
gap; 72% with 90-day gap). Rates of decline in persistence were
relatively consistent from 6 months until the end of the maximum amount of patient follow-up time at 2 years.
Adjusted Odds of Nonpersistence. In the logistic regression
model using the 60-day grace period, the adjusted odds of
discontinuation during the 12-month post-index period were
significantly lower for patients using oral antidiabetics than for
the following groups: prostaglandin analog users (odds ratio
[OR] = 0.41, 95% confidence interval [CI] = 0.38-0.44, P < 0.001),
statin users (OR = 0.64, 95% CI = 0.62-0.66, P < 0.001), and bisphosphonate users (OR = 0.63, 95% CI = 0.60-0.66, P < 0.001;
Table 3). Representing the greatest difference between groups,
the odds of discontinuation were 79% lower for patients taking
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FIGURE 3

Time to Discontinuationa of 6 Chronic Therapy Classes, Allowing for 30-Day Treatment Gap
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was defined as the end
of days supplied
for an index medication class
claim immediately
preceding aOAB
30-day
gap in therapy. A minimum of 12
Prostaglandins
Statins
Bisphosphonates
Oralpharmacy
antidiabetics
ARBs
medications
months (maximum 24 months) continuous eligibility following the index date (day 0) was required. Beginning at day 390, the denominator for the calculation consisted of
all remaining eligible patients with continuous enrollment through the end of the 30-day interval. Patients with continuous enrollment ending between day 360 and day
720 were censored at the point of their cessation of benefits.
bUsing the 30-day gap, 6-month persistence rates were prostaglandin analogs 35%, statins 45%, bisphosphonates 46%, oral antidiabetics 53%, ARBs 51%, and OAB medications 21%.
ARB = angiotensin II receptor blocker; OAB = overactive bladder.

oral antidiabetic medications than for OAB medication users
(OR = 0.21, 95% CI = 0.20-0.23, P < 0.001). The logistic regression
model’s c-statistic (for predictive accuracy, where 0.50 means the
model’s accuracy is equivalent to random assignment and 1.0
means perfect prediction) was 0.642. Cohort differences in the
adjusted persistence measures remained significant when 30-day
and 90-day grace periods were applied as refill gaps (data not
shown).
Using age as a variable, with patients aged 35-44 years as the
reference group and applying the 30-, 60-, and 90-day gap allowances, the logistic regression model also showed that the risk
of discontinuation declined in a mostly linear fashion with age.
Applying a 60-day gap allowance, odds of discontinuation were
51% higher (OR = 1.51, 95% CI = 1.28-1.77) for patients aged 0-17
years compared with those aged 35-44 years (Table 3). Odds of
discontinuation were lower for patients aged 65 years or older
compared with those aged 35-44 years (OR = 0.51, 95% CI = 0.400.66, P < 0.001) and higher for patients in Medicare “risk” plans
compared with those in commercial plans (OR = 2.63, 95%
CI = 2.07-3.34, P < 0.001).
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Adherence
Mean (SD) patient adherence by cohort, calculated as a continuous measure of PDC over a 12-month follow-up period, was as
follows: 37% (26%) for prostaglandin analogs, 61% (33%) for
statins, 60% (34%) for bisphosphonates, 72% (32%) for oral
antidiabetic drugs, 66% (32%) for ARBs, and 35% (32%) for OAB
medications (Table 4).
Adjusted Odds of Adherence. In logistic regression analysis
adjusting for demographic and clinical characteristics, users
of oral antidiabetic medications were significantly more likely
to reach a PDC of at least 80% during 12 months of follow-up
compared with users of other medications studied (Table 5).
Adjusted odds ratios for oral antidiabetic drugs were 17.60 versus
prostaglandin analogs (95% CI = 15.38-20.14, P < 0.001), 2.06
versus statins (95% CI = 1.99-2.12, P < 0.001), 1.92 versus bisphosphonates (95% CI = 1.83-2.02, P < 0.001), 1.29 versus ARBs (95%
CI = 1.24-1.34, P < 0.001), and 5.77 versus OAB medications (95%
CI = 5.38-6.19, P < 0.001, Table 5). The logistic regression model’s
c-statistic (for predictive accuracy) was 0.676.

Vol. 15, No. 9

www.amcp.org

Comparing Adherence and Persistence Across 6 Chronic Medication Classes

FIGURE 4

Time to Discontinuationa of 6 Chronic Therapy Classes, Allowing for 90-Day Treatment Gap
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ARBs a 90-day
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months (maximum 24 months) continuous eligibility following the index date (day 0) was required. Beginning at day 390, the denominator for the calculation consisted of
all remaining eligible patients with continuous enrollment through the end of the 30-day interval. Patients with continuous enrollment ending between day 360 and day
720 were censored at the point of their cessation of benefits.
bUsing the 90-day gap, 6-month persistence rates were prostaglandin analogs 57%, statins 62%, bisphosphonates 62%, oral antidiabetics 72%, ARBs 69%, and OAB medications 32%.
ARB = angiotensin II receptor blocker; OAB = overactive bladder.

■■ Discussion
We conducted a retrospective analysis of pharmacy claims to
assess prescription drug adherence and persistence levels using
consistent methods across 6 commonly used chronic therapeutic categories. The drug classes studied were representative of
chronic medications for specific indications and widely used by a
large portion of the population. Data were drawn from a database
composed of multiple health plans that represent the adherence
experience of Americans with commercial prescription insurance.
In all of the chronic therapy areas examined, persistence rates
declined from initiation over the 2-year study period. Patients
taking prostaglandin eye drops for glaucoma and those taking
OAB medications showed the earliest and most rapid declines;
throughout the study duration, persistence rates in these cohorts
remained consistently and significantly lower than in all other
cohorts analyzed.
Consistent with persistence findings, mean adherence (measured as PDC) was lowest in the OAB medications and prostaglandin analog cohorts (mean 35% and 37%, respectively) compared with all other drug cohorts, which had mean adherence
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rates of 60%-72%. Logistic regression analyses of nonpersistence
indicated that prostaglandins and OABs had significantly greater
odds of discontinuation when compared with oral antidiabetic
drugs. Odds ratios for discontinuation of therapy decreased in
a mostly linear trend with age in groups aged 45-54 years or
older and were significantly lower for patients aged 45 years or
older compared with those 35-44 years of age. This trend in
improved adherence with age is consistent with previous studies.12,21-22 In addition, odds of discontinuation were higher in
Medicare “risk” programs compared with commercial insurance
programs. It should be noted, however, that the implementation
of the Medicare Part D prescription program on January 1, 2006,
occurred between the pre- and post-index periods of the current
study; this change may have affected patient adherence and/or
persistence during the overall study period for patients aged 65
years or older.
In the case of prostaglandin analogs, rates in adherence and
persistence observed in this study may be related to the route of
medication administration; eye drops may present greater selfadministration hurdles and may be easier to forget than pills,
particularly if patients are already taking other oral medications.
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TABLE 3

Logistic Regression Analysis of Nonpersistence: Discontinuation
of Index Therapy Class During 12-Month Post-Index Period

95% Confidence Interval
Standard
Variable
Coefficient
Error
Chi-Square
P Value
Odds Ratio Lower Limit Upper Limit
Drug group
Oral antidiabetic vs. prostaglandin analog
–0.8959
0.0406
486.3
< 0.001
0.41
0.38
0.44
Oral antidiabetic vs. statin              
–0.4535
0.0161
793.1
< 0.001
0.64
0.62
0.66
Oral antidiabetic vs. bisphosphonate      
–0.4659
0.0258
325.7
< 0.001
0.63
0.60
0.66
Oral antidiabetic vs. ARB                 
–0.0119
0.0189
0.4
0.527
0.99
0.95
1.03
Oral antidiabetic vs. OAB medication      
–1.5414
0.0347
1969.0
< 0.001
0.21
0.20
0.23
Gender
Female vs. male                                           
0.1331
0.0106
157.3
< 0.001
1.14
1.12
1.17
Age group (years)
0-17 vs. 35-44                             
0.4110
0.0826
  24.8
< 0.001
1.51
1.28
1.77
18-34 vs. 35-44                            
0.4002
0.0307
170.4
< 0.001
1.49
1.41
1.59
45-54 vs. 35-44                            
–0.3242
0.0159
416.3
< 0.001
0.72
0.70
0.75
55-64 vs. 35-44                            
–0.5794
0.0158
1347.3
< 0.001
0.56
0.54
0.58
65 or older vs. 35-44                              
–0.6663
0.1259
  28.0
< 0.001
0.51
0.40
0.66
Region
East vs. West                                             
0.1637
0.0298
  30.2
< 0.001
1.18
1.11
1.25
Midwest vs. West                                          
–0.2012
0.0279
  51.8
< 0.001
0.82
0.77
0.86
South vs. West                                            
0.2747
0.0283
94.5
< 0.001
1.32
1.25
1.39
Plan type
Indemnity vs. HMO                                      
–0.0887
0.0254
12.2
< 0.001
0.92
0.87
0.96
PPO vs. HMO                                            
–0.0901
0.0128
  49.7
< 0.001
0.91
0.89
0.94
POS vs. HMO                                            
–0.0453
0.0188
   5.8
0.016
0.96
0.92
0.99
Unknown vs. HMO                                        
–0.4456
0.0305
213.7
< 0.001
0.64
0.60
0.68
Payer type
Medicaid vs. commercial                               
0.6226
0.0804
59.9
< 0.001
1.86
1.59
2.18
Medicare risk vs. commercial                          
0.9668
0.1213
  63.5
< 0.0001
2.63
2.07
3.34
Self-insured vs. commercial                           
–0.0983
0.0317
   9.6
0.002
0.91
0.85
0.96
Unknown vs. commercial                                
0.5759
0.0839
  47.1
< 0.001
1.78
1.51
2.10
0.1367
0.0184
55.4
< 0.001
1.15
1.11
1.19
History of hospitalization (yes vs. no)a
0.0388
0.0050
59.4
< 0.001
1.04
1.03
1.05
Comorbidity scoreb
0.0040
0.0002
513.6
< 0.001
1.00
1.00
1.00
Copay of index medicationc
–0.0471
0.0027
311.2
< 0.001
0.95
0.95
0.96
Number of medications at indexd
Note: N of cases included in the model = 167,885. Model c-statistic = 0.642.
a Measured during the 1-year pre-index period.
b Charlson Comorbidity Score, a weighted index in which a higher score indicates greater risk of mortality due to comorbid disease.20 Measured during the 1-year
pre-index period using all available diagnosis code fields on the claim.
cDefined as the patient copayment for the index prescription (measured on index date).
d Defined as the number of unique medications with prescription days supplied inclusive of patient’s index date (measured on index date).
ARB = angiotensin II receptor blocker; HMO = health maintenance organization; OAB = overactive bladder; POS = point of service; PPO =preferred provider
organization.

TABLE 4

Adherence (Continuous Measure) with 6 Chronic
Therapy Classes During 12-Month Post-Index Period
Prostaglandin
Analogs

Statins

Bisphosphonates

(n = 3,310)
(n = 94,700)
(n = 10,268)
Proportion of days covered
Mean
0.37
0.61
0.60
SD
0.26
0.33
0.34
Median
0.33
0.67
0.68
ARB = angiotensin II receptor blocker; OAB = overactive bladder; SD = standard deviation.
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Oral
Antidiabetics

ARBs

OAB
Medications

(n = 22,031)

(n = 29,876)

(n = 7,722)

0.72
0.32
0.87

0.66
0.32
0.75

0.35
0.32
0.24
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TABLE 5

Logistic Regression Analysis of Adherence: At Least 80% PDC for
Index Medication Class During 12-Month Post-Index Period

95% Confidence Interval
Standard
Variable
Coefficient
Error
Chi-Square
P Value
Odds Ratio Lower Limit Upper Limit
Drug group
Oral antidiabetic vs. prostaglandin analog
2.8682
0.0688
1739.5
< 0.001
17.60
15.38
20.14
Oral antidiabetic vs. statin              
0.7206
0.0164
1926.3
< 0.001
2.06
1.99
2.12
Oral antidiabetic vs. bisphosphonate      
0.6532
0.0262
619.8
< 0.001
1.92
1.83
2.02
Oral antidiabetic vs. ARB                 
0.2534
0.0191
175.4
< 0.001
1.29
1.24
1.34
Oral antidiabetic vs. OAB medication      
1.7522
0.0359
2382.8
< 0.001
5.77
5.38
6.19
Gender
Female vs. male                                           
–0.1399
0.0109
164.7
< 0.001
0.87
0.85
0.89
Age group (years)
–0.3066
0.0875
  12.3
< 0.001
0.74
0.62
0.87
0-17 vs. 35-44                             
–0.3369
0.0322
109.2
< 0.001
0.71
0.67
0.76
18-34 vs. 35-44                            
0.3850
0.0166
540.0
< 0.001
1.47
1.42
1.52
45-54 vs. 35-44                            
0.7487
0.0164
2081.7
< 0.001
2.11
2.05
2.18
55-64 vs. 35-44                            
0.7344
0.1279
  33.0
< 0.001
2.08
1.62
2.68
65 or older vs. 35-44                              
Region
East vs. West                                             
–0.0235
0.0305
   0.6
0.440
0.98
0.92
1.04
Midwest vs. West                                          
0.3432
0.0286
144.1
< 0.001
1.41
1.33
1.49
South vs. West                                            
–0.3664
0.0290
159.6
< 0.001
0.69
0.66
0.73
Plan type
Indemnity vs. HMO                                      
0.1705
0.0258
  43.6
< 0.001
1.19
1.13
1.25
PPO vs. HMO                                            
0.2401
0.0132
330.5
< 0.001
1.27
1.24
1.31
POS vs. HMO                                            
0.1114
0.0192
  33.5
< 0.001
1.12
1.08
1.16
Unknown vs. HMO                                        
0.5554
0.0313
315.6
< 0.001
1.74
1.64
1.85
Payer type
Medicaid vs. commercial                               
–0.6035
0.0846
50.9
< 0.001
0.55
0.46
0.65
Medicare risk vs. commercial                          
–0.8372
0.1229
  46.4
< 0.001
0.43
0.34
0.55
Self-insured vs. commercial                           
0.1086
0.0324
11.2
< 0.001
1.12
1.05
1.19
Unknown vs. commercial                                
–0.4871
0.0851
  32.8
< 0.001
0.61
0.52
0.73
–0.1073
0.0188
  32.7
< 0.001
0.90
0.87
0.93
History of hospitalization (yes vs. no)a
–0.0275
0.0051
  28.7
< 0.001
0.97
0.96
0.98
Comorbidity scoreb
–0.0030
0.0002
295.0
< 0.001
1.00
1.00
1.00
Copay of index medicationc
0.0759
0.0027
766.8
< 0.001
1.08
1.07
1.09
Number of medications at indexd
Note: N of cases included in the model = 167,885. Model c-statistic = 0.676.
a Measured during the 1-year pre-index period.
b Charlson Comorbidity Score, a weighted index in which a higher score indicates greater risk of mortality due to comorbid disease.20 Measured during the 1-year pre-index
period using all available diagnosis code fields on the claim.
cDefined as the patient copayment for the index prescription (measured on index date).
d Defined as the number of unique medications with prescription days supplied inclusive of patient’s index date (measured on index date).
ARB = angiotensin II receptor blocker; HMO = health maintenance organization; OAB = overactive bladder; PDC = proportion of days covered; POS = point of service;
PPO = preferred provider organization.

Such difficulties may influence administration and/or persistence
and indicate that patients new to these therapies may require
extra education to increase their likelihood of treatment success.23-24 In the case of OAB medications, which are relatively new
treatment options, a prior study by Campbell et al. (2007) found
that patients cited a lack of efficacy, prescription costs, and side
effects as the primary reasons for discontinuation.25
The present study’s results are generally in line with those of
prior studies showing suboptimal drug use patterns in the evaluated drug classes. However, the majority of previous studies have
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been limited to a single drug class or therapeutic area.5,7-11,17,21-22,26
In one exception, Briesacher et al. (2008) used pharmacy claims
database records to study MPRs—but not persistence—among
7 disease cohorts (gout, hypercholesterolemia, hypertension,
hypothyroidism, osteoporosis, seizure disorders, and type 2 diabetes mellitus).12 In disease cohorts similar to those in the present
study, Briesacher et al. found adherence rates (defined as MPR of
at least 80%) of 55% for hypercholesterolemia, 72% for hypertension, 51% for osteoporosis, and 66% for type 2 diabetes mellitus.12
To our knowledge, the present study is the first to measure PDC
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across multiple chronic conditions and therapies.
We observed variations in persistence and adherence among
the sample therapeutic classes, which may be illustrative of the
variation across all chronic therapies and which may provide
useful baseline information to guide the development of quality
improvement initiatives. There is ample evidence to suggest that
inadequate treatment of chronic illness can have significant consequences to patient health, including serious adverse outcomes
and comorbid conditions. For example, poorly treated diabetes
can lead to micro- and macrovascular disease; poorly controlled
hypertension may lead to cardiovascular disease and kidney
failure; untreated glaucoma may lead to deterioration of vision
and reduced quality of life; and so on. In turn, increased medical requirements necessitated by either suboptimal treatment or
potentially avoidable chronic disease sequelae lead to increased
costs, increased health care utilization, and increased susceptibility to adverse drug reactions.27-36 In a longitudinal cohort study
conducted by Balkrishnan et al. (2006), OAB patients experienced a 5.6% reduction in annual health care costs for every 10%
increase in MPR.36
By comparing across 6 chronic therapeutic areas, the present
study confirms that room for improvement in drug persistence
and adherence exists across a range of conditions. This finding is in concordance with previous analyses indicating that
chronic conditions present particular difficulties for medication
adherence and persistence.37-38 Quality improvement initiatives
should begin by prioritizing therapy areas where the impact of
nonadherence is the most costly in clinical and economic terms.
Though we found that adherence with glaucoma and OAB therapies was lower than with the other categories studied, further
study is needed to understand the relative clinical and economic
effects of nonadherence and thus the potential benefits of improving adherence. Next, scaleable, evidence-based programs that
address the underlying reasons for nonadherence in priority
therapy areas must be developed, implemented, and evaluated. In
the case of glaucoma, for example, existing studies suggest that
nonadherence is associated with poor patient-physician communication, poor patient education, patient perceptions that the
therapy is ineffective, and difficulty administering eye drops.37-42
Efforts to improve the quality of drug therapy management
require more and better information on the underlying phenomena of adherence and persistence to prescribed therapy. Driven
in part by such needs, additional adherence and persistence
measures are currently being developed by organizations such as
the Pharmacy Quality Alliance and the National Quality Forum,
both of which recognize that improved drug use patterns are a
step toward health care optimization.43-45
Limitations
First, PDC calculations may overestimate adherence, as they are
based on the assumption that patients take all medications for
which they have prescriptions filled. Second, adherence and/or
738 Journal of Managed Care Pharmacy
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persistence calculations do not account for the possibility that
patients acquired prescription medications from sources other
than the pharmacies included in the database, such as physician
samples. Third, since this study includes medications administered through different means (e.g., pills and eye drops), some
imperfections likely exist in the calculation of use of prostaglandin analog eye drops. In particular, PDC and discontinuation
dates of eye drops may be susceptible to variability due to liquid
loss during use (spillage, imperfect administration). However,
we endeavored to minimize these variables by limiting included
prescriptions to 2.5 ml bottles of prostaglandin analogs with an
assumed 60-day supply. In addition, to account for potential
variation to the greatest degree possible, we calculated persistence using multiple refill grace periods (30, 60, and 90 days).
The fact that relative persistence rates in the 6 cohorts remained
consistent across grace periods indicates that our methodology
may have overcome this limitation.
■■ Conclusion
This analysis of adherence (PDC) and persistence across a sample
of 6 chronic therapies found variable but uniformly suboptimal
medication use patterns. Adherence to prostaglandin eye drops
and OAB medications was lower than to cardiovascular, oral
antidiabetic, and oral osteoporosis therapies. These findings provide useful baseline information for the development of initiatives
to improve the quality of drug therapy management.
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