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Abstract

The current study presents the impact of a behavior change program to increase statin adherence using inter-
active voice response (IVR) technology. Subjects were affiliated with a large health benefit company, were
prescribed a statin (index) and had no lipid-lowering pharmacy claims in the previous 6 months, and were
continuously enrolled in the plan for 12 months prior and 6 months post index statin.

Potential subjects (1219) were contacted by the IVR system; 497 gave informed consent. Subjects were asked to
respond to 15 questions from the IVR that were guided by several behavior change theories. At the conclusion of
the questions, subjects were randomly assigned to either a control group (n¼ 244), who received generic
feedback at the conclusion of the call and were then mailed a generic cholesterol guide, or an experimental group
(n¼ 253), who received tailored feedback based on their cholesterol-related knowledge, attitudes, beliefs, and
perceived barriers to medication adherence, and were mailed a tailored guide that reinforced similar themes.
Subjects in the experimental group had the opportunity to participate in 2 additional tailored IVR support calls.

The primary dependent variable was 6-month point prevalence, defined as claims evidence of a statin on days
121–180 post index statin. Subjects in the experimental group had a significantly higher 6-month point preva-
lence than the controls (70.4% vs. 60.7%, P< 0.05). Results of this study suggest that a behavioral support
program using IVR technology can be a cost-effective modality to address the important public health problem
of patient nonadherence with statin medication. (Population Health Management 2009;12:241–254)

Introduction

Over 80 million Americans are diagnosed with

cardiovascular disease, the leading cause of mor-
bidity and mortality in the United States, with an estimated
total direct and indirect expenditure of $448.5 billion for 2008.
Coronary artery disease (CAD), with a prevalence of 16 mil-
lion Americans, consumed an estimated $156.4 billion dollars,
and was associated with 1 of every 5 deaths in 2004.1

Dyslipidemia is a well-recognized and prevalent risk fac-
tor for coronary heart disease (CHD), with an estimated 36
million Americans qualified as candidates for lipid-lowering
therapy, a number that exceeds 50 million when optional
treatment guidelines are utilized as the treatment criteria.2,3

Further, multiple randomized clinical trials have demon-
strated that statins lead to significant cardiovascular event
risk reductions in both primary and secondary prevention
trials.4–7 Data from clinical trials and observational studies
support the clinical and economic value that these com-
pounds can bring to managed care, which has historically
underappreciated the evidence supporting statin treatment
with regard to short-term clinical outcomes and concomitant
financial savings.8,9

The observed reductions in cardiovascular events associ-
ated with statin treatment within 1–2 year time frames,
coupled with the declining treatment costs associated with
generic entrants into the marketplace, suggest that appro-
priate use of statin therapy can yield a positive return on

1Humana Inc., Louisville, Kentucky.
2HealthMedia, Inc., Ann Arbor, Michigan.
3AstraZeneca, Tarzana, California.
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investment to managed care organizations, notwithstanding
the well-recognized high membership turnover rate. How-
ever, the favorable outcomes from clinical trials of statins are
often substantially reduced when compared to the impact of
statin therapy in real-world settings.10 A significant factor
contributing to suboptimal statin outcomes is the high rate of
early discontinuation (persistence) and=or poor adherence
(number of doses taken in proportion to the number of doses
prescribed). One-year statin persistency=adherence rates
found in studies conducted in managed care settings typi-
cally range from 50% to 66%, although rates as low as 33%
have been reported.11–20

Given the public health need for lipid-lowering risk re-
duction in the general population and the significant prob-
lem of poor persistence=adherence leading to suboptimal
outcomes, there have been numerous attempts to develop
and test interventions for statin persistence=adherence. The
current literature has shown inconsistent results; therefore,
most authors conclude that, based on the available evidence,
no specific intervention aimed at improving adherence to
lipid-lowering drugs can be recommended.21,22 Furthermore,
in a systematic review of randomized clinical trials of med-
ication adherence studies across therapeutic areas, the au-
thors concluded that the academically-driven adherence
research for chronic conditions were complex, labor inten-
sive, expensive, and impractical to implement and sustain in
usual practice settings.23

Despite the equivocal literature, there are some promising
findings worth noting. For example, trials employing inten-
sified patient support (telephonic reminders coupled with
written materials) achieved the most success.24 These authors
recommend that future interventions consider more than 1 or
2 behavioral factors associated with adherence (ie, knowl-
edge, health beliefs, risk perception, memory, concerns about
side effects, cost) as part of a comprehensive, patient-
centered approach. A recent review of 79 adherence-
enhancing interventions targeting hypertensive and dyslipi-
demic patients found greater adherence was a function of
more intensive and tailored programs involving frequent
interactions with health care professionals. The authors
concluded that the results likely allowed the health care
provider to adequately address patients’ unique barriers to
adherence.25

Tailored communication and behavior change theory and
technique appear to be 2 effective characteristics of adher-
ence literature to date. Tailored health messaging differs
from generic or even targeted communications in terms of
the degree to which the content is personalized to the target
(person receiving the communication). While generic infor-
mation does not consider any of the unique characteristics of
the intended recipient, targeted information either uses gross
constructs such as name, sex, and age, or in some marketing
applications, bases the communication on a broad market
segment. Tailored health communications, on the other
hand, employ a far more granular degree of specificity, and
when that specificity is informed by evidence-based behav-
ioral theory (eg, the health beliefs model, social learning
theory, stage of change), such communications have been
shown in many cases to be very effective. In fact there is a
growing body of literature, the preponderance of which
supports the notion that highly tailored health communica-
tions are more likely to be read, understood, and acted upon,

and can produce superior outcomes in a variety of areas
including smoking cessation, mammography, nutrition,
health risk appraisal feedback, asthma, exercise, chronic ill-
ness self-management, diabetes prevention, colorectal cancer
screening, hypertension, and adherence (including to anti-
hypertensives and lipid-lowering medications).26–44

In a managed care setting, the need for an effective, scal-
able, and cost-effective intervention for statin persistence=
adherence is imperative. As a potential solution, computer-
ized interactive feedback systems that incorporate reminders,
educational information, and self-management interventions
intended to influence health via behavior change hold tre-
mendous promise, but as yet have been minimally tested
under rigorous methodological conditions that are highly
generalizable (ie, retain real-world implementation poten-
tial). Advances in technology (eg, telephonic voice-activated
technology [VAT], mobile messaging, Web-based) have the
advantage of increased power to reach large populations at
relatively low cost, and have the capacity to provide infor-
mation in a highly tailored fashion.

Therefore, the opportunity exists to enhance persistence
and adherence by effectively coupling 1 or more communi-
cations media with multiple and appropriate behavioral
science theories and techniques delivered via a tailored and
personalized communication. However, the challenge is how
to use these technologies such that they draw from and
utilize the best available evidence regarding behavior change
and medication adherence, and deliver information in ways
that patients perceive as personally relevant and capable of
addressing their unique circumstances and challenges, and
that provide meaningful and practical action steps. There-
fore, the purpose of this study was to develop and test the
impact of a tailored communications schema for increasing
statin adherence=persistence delivered via a combination of
print and telephonic VAT in an integrated system. The
content of the message was based on a number of well-
validated behavioral science theories and techniques such as
the Transtheoretical Stages of Change,45,46 the Health Beliefs
Model,47–49 the Chronic Care Model,50 motivational inter-
viewing,51,52 and reflective listening. The experimental
compliance communications strategy used a combination of
the behavioral change models mentioned and a tailoring
technology in order to help statin users understand and
overcome identifiable barriers to persistence and adherence,
develop and maintain their motivation, and increase their
self-confidence to manage this aspect of their medical regi-
men.

Methods

Overview

This prospective randomized clinical trial comprised
subjects who recently filled a prescription for a hy-
droxymethyl glutaryl coenzyme A reductase inhibitor (sta-
tin) and who consented to participate in a study testing an
innovative strategy that held the promise of improving their
persistence and adherence with their prescribed cholesterol-
lowering medication regimen. Consenting subjects were
randomly assigned to either (a) an experimental group, who
received up to 3 separate tailored behavioral support inter-
actions delivered via an interactive voice recognition (IVR)
system coupled with tailored print material received through
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the mail (the tailored guide provided personalized inter-
vention regarding verbal reinforcement, tips for overcoming
barriers, habit formation, and working with their physician),
or (b) an enhanced care control group, who received non-
tailored behavioral advice from a single IVR call, coupled
with a nontailored, generic, self-help cholesterol manage-
ment guide received through the mail. This guide provided
educational material on cholesterol and lipid values, a brief
knowledge quiz, and a nontailored action plan. Outcome
measures were assessed from pharmacy claims data during a
subsequent 180-day follow-up period. The study protocol
and intervention materials were approved by an indepen-
dent institutional review board.

Sample

Study subjects were affiliated with a large health benefits
company as either health maintenance organization (HMO)
or preferred provider (PPO) members. The initial subject
pool consisted of members, derived from the health plan
pharmacy claims database, who processed a pharmacy claim
for a statin (termed index statin) during the study recruitment
period between May and November 2005. Of note, the fact
that a pharmacy claim was processed for the index statin
does not necessarily imply that the prescription was ever
actually dispensed to the member. For approximately 4% of
study subjects, the index statin was ‘‘reversed’’ (the original
index statin prescription was filled but never picked up, and
was placed back in stock). Therefore, the medication may
never have been dispensed to the study subject during the
180-day observation period, or the first actual dispensed
statin could have been weeks, if not months, subsequent to
the original index statin date.

Members with an index statin were eligible for the study if
they met the following criteria: (a) continuously enrolled in
the plan with a pharmacy benefit for a minimum of 12
months prior to the date of the index statin; (b) no pharmacy
claims evidence of any lipid-lowering agent in the 6-month
period prior to the index statin; (c) 21 years of age or older;
and (d) a statin prescription with a 30-day supply. Ap-
proximately 95% of all statin prescriptions in this health plan
at the time of the study were written for a 30-day supply
and, given the relatively short 180-day observation period,
an initial prescription exceeding a 30-day supply would
greatly reduce the ability to detect differences in outcomes
between experimental conditions.

Based on the criteria outlined, 6242 potential subjects were
identified for inclusion in the study. The current report is
based on the 5174 (82.9%) who remained continuously en-
rolled in the plan with a pharmacy benefit for a minimum of
6 months after the index statin date. The 6 months of con-
tinuous enrollment was necessary to calculate the primary
and secondary outcome measures (to be described).

Procedure

On a weekly basis, the names and telephone numbers of
potential subjects were forwarded to the IVR company (Eliza
Corporation, Beverly, MA). The IVR company attempted 6
separate calls over the subsequent 10-day period. Successful
contact with potential subjects was made within 7–14 days of
the date of their index statin. Calls were made at various
times, including nights and weekends, and all calls were

made in English. If an answering machine or another
member of the household was reached, a Health Insurance
Portability and Accountability Act-compliant message was
left that encouraged the target subject to call back at a toll-
free number. If the target patient was reached and the patient
agreed to continue with the call, he or she was read a brief
verbal informed consent statement.

Figure 1 displays the recruitment flow based on IVR call
results. Of the 5174 potential participants, nearly three
fourths (73.0%, n¼ 3775) were never contacted by the IVR
system after 6 attempts, including: (a) 10.9% (n¼ 566) be-
cause of an incorrect telephone number; (b) 14.7% (n¼ 758)
because of a busy signal=no answer; (c) 2.0% (n¼ 103) be-
cause a respondent prematurely discontinued the call prior
to a final disposition; (d) 18.6% (n¼ 964) after a message was
left with another member of the household; and (e) 26.7%
(n¼ 1384) after a message was left on an answering machine.
Of the remaining 1399 (27.0%), 3.5% (n¼ 180) failed to agree
to continue with the call and 12.4% (n¼ 641) failed to pro-
vide verbal consent, leaving a final sample of 578 subjects
(11.2% of the initial subject pool) who consented to partici-
pate in the study. At this juncture, the IVR system randomly
assigned subjects to either the experimental or the enhanced
care control group. Subjects who provided consent were
nonetheless deemed ineligible for the study if they reported
in the initial baseline assessment that they were not aware
they had been prescribed a cholesterol-lowering agent
(n¼ 21), or reported that they had no intention of picking up
their prescription at the pharmacy within the next 7-day
period (n¼ 2). Finally, 58 subjects were excluded from the
study population because they failed to answer at least half
of the 15 IVR baseline assessment items.a Taking into con-
sideration the aforementioned exclusions, the final sample
size consisted of 497 subjects (n¼ 253 experimental subjects
and n¼ 244 enhanced care controls subjects).

Measures

Background characteristics. The subject’s age, sex,
health plan affiliation (HMO or PPO), and enrollment status
were obtained from the membership database. Data on the
index statin were obtained from the pharmacy claims data-
base, including the name of the medication, member co-
payment amount, verification that the medication actually
was dispensed on the date corresponding to the index statin,
and whether 1 or more lipid-lowering agents had been pre-
scribed in the 7–12 month period preceding the index statin.

Health status. Several surrogate measures of the subject’s
health status were derived from pharmacy and medical
claims and administrative data. Subjects were classified as
to whether they were enrolled in the cardiac disease

aThe vast majority of these 58 subjects failed to answer any of the
baseline items; therefore, although providing verbal consent to par-
ticipate, they appeared to more closely approximate members who
failed to consent to the study. From a practical standpoint, the lack of
data from the baseline assessment for these subjects precluded the
ability to provide experimental subjects with tailored behavioral
feedback either at the conclusion of the initial call or in the printed
tailored guide, which in turn would reduce the integrity of the im-
plementation of the competing interventions and potentially lead to
a biased impact. This is frequently referred to as a Type III error.53
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management program (an intervention targeted at individu-
als in the health benefits organization who were diagnosed
with CAD) and, if enrolled, the timing of the enrollment rel-
ative to the date of the index statin. Utilizing pharmacy claims
data during the 3-month period prior to the index statin, a
count was made of the number of distinct medications that
were indicative of the presence of a chronic condition (eg, an
individual who had filled prescriptions for metformin and
atenolol would be classified as having a chronic disease count
of 2, with the medications presumably indicative of diabetes
and hypertension). Chronic medications were determined
based on the First Data Bank classification of maintenance
medications. Finally, using inpatient and outpatient medical
claims and pharmacy claims for the 12-month period prior to
the index statin, each member was classified into the National
Cholesterol Education Program (NCEP) Adult Treatment
Panel III risk classification system.54

Details of the classification scheme are provided elsewhere,
but briefly, an individual was classified as ‘‘High Risk’’ (a low-
density lipoprotein [LDL] treatment goal of <100 mg=dl) if
he or she had CHD or a CHD risk equivalent based on In-
ternational Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) or procedural codes for myocardial
infarction, ischemic heart disease, transient ischemic attacks,
angioplasty, or other, or diabetes.55 Individuals were classi-
fied as ‘‘Moderate Risk’’ (LDL treatment goal of <130 mg=dl)

if they had at least 2 of the following 3 risk factors identifiable
from claims databases: hypertension (ICD-9-CM code or
pharmacy claim for a blood pressure-lowering agent); age 45
years or older for men and 55 years or older for women; or a
high-density lipoprotein (HDL) level below 40 mg=dl (an
HDL of>0.60 is counted as a negative risk factor). Because the
NCEP-defined CHD risk factors of smoking and a family
history of premature CHD could not accurately be obtained
from the claim databases, these factors were not included in
the risk stratification typology. For this reason, individuals
with 0 or 1 risk factor were classified as ‘‘No Risk Category
Assigned’’ because of potential misclassification.

Medication-related beliefs and attitudes. In order to ef-
fectively tailor the content in the experimental group and as a
point for between-groups comparisons, several baseline
constructs derived from key behavioral theories associated
with medication adherence (eg, Health Belief Model, Social
Cognitive Theory, Self-Regulation Theory) were collected on
both experimental and enhanced care control subjects as part
of the initial IVR baseline assessment, including expecta-
tions regarding the ability of the statin to lower cholesterol,
perceived barriers to adherence, level of motivation and
confidence in the ability to take their medication, and expec-
tations regarding length of time the subject expects to take
the statin.

Failure to be 
Contacted 

Via IVR 
 (n=3775) 

Study Subjects 
n=578 

Experimental 
n=298 

Enhanced Care Control 
n=280 

Received by IVR 
n=1339 

6-Month Follow-up 

Randomization 

Enrollment 6 Months Post Index Statin  
n=5174 

Failure to Continue with the 
Call (n=180) 

Failure to Consent (n=641) 

Unaware of Statin 
Prescription (n=13) 

Failure to Provide 
Complete Baseline 
Assessment (n=32) 

Unaware of Statin 
Prescription 

(n=10) 

Failure to Provide 
Complete Baseline 
Assessment (n=26) 

Experimental Group 
n=253 

Enhanced Care Control 
Group 
n=244

Pharmacy Claims for Index Statin 
n=6242 

FIG. 1. Flowchart of participants. IVR, interactive voice response.

244 STACY ET AL.



Medication utilization measures. Using data from the
pharmacy claims database, data on prescriptions dispensed
for statins were captured starting with the index statin date
through the subsequent 179-day period, for a total of a 180-
day follow-up observation period. For each prescription
dispensed, data were obtained regarding the date the pre-
scription was dispensed and the total number of days’ sup-
ply associated with the prescription. For calculation of the
primary and secondary outcome measures (outlined in the
following section), it was permissible for a subject to fill a
prescription for a statin other than the original agent ob-
served for the index statin, including a switch to a combi-
nation product. However, subjects who discontinued filling
prescriptions that included a statin and exclusively switched
to other lipid-lowering agents (eg, fibrates, niacin, Zetia)
were classified as not meeting the criteria for success.

The calculation of the statin persistency measures incor-
porated a 30-day grace or gap period. Specifically, a subject
was classified as persistent if no more than 30 days elapsed
from the date corresponding to the end date associated with
a given dispensed statin as reflected in a pharmacy claim (ie,
the date dispensed and its associated days’ supply) and the
date of the subsequent dispensed statin. The 30-day grace
period applied to all dispensed statins, including the small
number of 90-day supplies that were dispensed subsequent
to the index statin. Stockpiling of statin medications did not
affect the 30-day grace period decision rule (eg, a subject
filling an index statin, followed by a subsequent statin pre-
scription associated with a 30-day supply 20 days subse-
quent to the date of index statin, would need to fill a third
prescription no more than 60 days subsequent to the date
of the second prescription to maintain a designation of per-
sistent).

Measures that incorporated adherence were based on a
calculation of the Proportion of Days Covered (ie, the simple
addition of days’ supply associated with the total number of
separate pharmacy claims) over the course of the 180-day
follow-up observation period, which equates to a Medication
Possession Ratio (MPR) given the standardized 180-day
observation period for each subject. Pursuant to this calcu-
lation, the days’ supply associated with pharmacy claims
dispensed toward the end of the observation period were
only included in the calculation of the total sum if the date
associated with the days’ supply did extend beyond the 180th

day (eg, a subject with a statin prescription associated with a
30-day supply filled on observation day 175 would be
credited with a total of only 6 pills in calculating the MPR
value). For the medication possession measure, stockpiling of
medication was permissible in deriving the total sum; how-
ever, the total sum of pills dispensed was truncated at a
maximum of 180 days.

Outcome measures. The primary dependent measure of
program success was termed 6-month point prevalence
persistency, defined as a subject being in possession of a
statin at the end of the 180-day observation period. Oper-
ationally, this was defined as a pharmacy claim associated
with a 30-day supply dispensed between follow-up obser-
vation days 121–180. For prescriptions associated with a 90-
day supply, a subject could be classified as being in possession
of a statin at the end of the 180-day observation period if the
prescription was filled between follow-up observation days

61–180. As suggested by Hudson et al., possession of a statin
at a fixed point in time would provide a more accurate
measurement of persistence, given that patients in real-world
settings can be expected to have variations in timing of refills
unrelated to issues of persistence (eg, abnormal lab results,
adverse effects, drug interactions, dose titrations, acute care
hospitalizations) and the fixed time point measure could
help minimize classification errors associated with pill
splitting.56

A series of secondary outcome measures of program
success were also calculated including continuous persis-
tence (defined as having any statin prescription dispensed at
least every 30 days after the end date of a previous pre-
scription for a statin) for the duration of the 180-day obser-
vation period. An MPR was calculated for each subject; a
subject was classified as adherent if he or she achieved a
value of at least 80% (ie, a total of at least 144 pills dispensed
during the 180-day follow-up observation period). The
80% threshold was based on an arbitrary threshold used
in multiple research studies that examined statin adher-
ence.57–62

The final secondary measure incorporated a ‘‘hybrid
model’’ that combined the continuous persistence measure
outlined previously (based upon refill sequence data in-
cluding permissible gaps) with the proportion of days cov-
ered (an MPR of at least 80%).63

Description of interventions

Call #1: Baseline Behavioral Constructs. All randomized
subjects were given a baseline assessment delivered by IVR.
This assessment was developed based on constructs known
to impact health behavior and medication adherence (ie,
condition concern, knowledge of cholesterol and related risk,
motives for risk modification including medication adher-
ence, anticipated barriers to adherence, confidence in medi-
cation taking, intentions to persist).

Enhanced care control group. Subjects randomly as-
signed to this group received generic targeted feedback at
the conclusion of the baseline call, were thanked for their
participation, and notified to expect a nontailored cholesterol
educational guide in the mail. The guide did not specifically
address medication adherence. There was no further inter-
action with this group of subjects for the duration of the
6-month follow-up period.

Experimental Intervention. This group received up to 2
calls in addition to the baseline call. (Not all subjects in this
group received all possible calls.) These calls were generated
by a computerized VAT that provided highly tailored mes-
sages that specifically reinforced adherence=persistence with
statin medication by using a combination of behavioral sci-
ence theories and techniques in a personalized or tailored
manner dependent on the subject’s previous response char-
acteristics. Therefore, each communication was potentially
unique. Additionally, the subsequent calls referred respon-
dents to the health plan Web site for additional information
regarding dyslipidemia, risk reduction, and lipid-lowering
medication. These calls were coupled with a print guide
(mailed at the conclusion of the first call) that provided tai-
lored messages designed to enhance commitment, improve
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communication with the health care team, and address
specific barriers to adherence. The goal of the intervention in
total (ie, tailored letter and series of tailored VAT calls) was
to enhance both intrinsic motivations for medication persis-
tence of this asymptomatic condition, and to enhance self-
management skills. Figure 2 presents a detailed description
of the topics covered in the 3 calls.

Statistical analysis

Based on a previous study of statin utilization patterns of
the health benefits organization membership, it was antici-
pated that enhanced care controls would have a 6-month

point prevalence rate of 65%, and that exposure to the ex-
perimental intervention would increase this rate to 75%.64

With power set at 0.80 and alpha at <0.05 (1-sided test), it
was necessary to impanel 260 subjects per group.65 Given an
anticipated member disenrollment rate of 10% over the
6-month follow-up period, we sought to enroll approxima-
tely 290 subjects per group. Unfortunately, due to a higher
than anticipated proportion of subjects refusing the informed
consent process, the disenrollment rate was higher than an-
ticipated because it was necessary to recruit subjects who
had their 6-month follow-up observation date extend beyond
a single calendar year (ie, a high percentage of health plan
members have the option of voluntarily changing health

Call #1 (Baseline Assessment) 

• Statin Adherence 

• Barriers to Adherence 

• Self-Efficacy 

• Expectations 

• Self-Monitoring 

Enhanced Control Feedback 

• Importance of following doctor 
recommendations

• Talk to doctor if you have questions

Experimental Intervention 

• Motivation 

• Overcoming Barriers 

• Developing a Habit 

• Commitment Enhancement 

• Verbal Reinforcement/Praise 

• Cost/Benefit Analysis

Generic Letter 

Tailored Letter 

• Verbal Reinforcement/Praise 

• Self-Efficacy Enhancement 

• Education (cholesterol, adherence, 
diet, exercise) 

• Metaphor 

• Developing a Habit 

• Commitment Enhancement 

Follow Up Call #2 

• Current Adherence Assessment 

• Barriers 

• Verbal Reinforcement/Praise 

• Commitment Enhancement 
Follow Up Call #3 

• Motives 

• Barriers 

• Setting Priorities 

• Self-Efficacy 

• Commitment to Refill 

FIG. 2. Communication map.
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plan coverage at the beginning of the year). As such, the final
sample size available for analysis was slightly lower than the
projected 260 subjects per group.

Baseline data contrasting the experimental and enhanced
care control groups on baseline claims and psychosocial
variables were evaluated using chi-square tests for categor-
ical data and t tests for continuous measures, with a P value
�0.10 considered statistically significant. Based on the pub-
lished literature, it was hypothesized that exposure to the
experimental intervention would only act to increase medi-
cation adherence=persistency, and thus a 1-tailed test was
used, with statistical significance contrasting the experi-
mental and enhanced care control group set at P� 0.10. A
logistic regression model with odd ratios and 90% confidence
intervals was used to assess group differences with regard to
the primary and secondary outcomes. Potential confounding
covariates were entered in the logistic regression model to
obtain adjusted odds ratios of the treatment effect where
appropriate. Tests of differential effectiveness of exposure to
the experimental group versus the enhanced care control

group within the context of varying strata of possible effect
modifiers (ie, a treatment by covariate interaction) were
assessed by entering interaction terms into the logistic re-
gression model. Given the large number of post hoc com-
parisons, interaction terms were considered statistically
significant at a P� 0.05 level. All statistical analyses were
carried out using SPSS, version 15.0 (SPSS Inc., Chicago, IL).

Results

Description of sample

Table 1 compares the enhanced care control and experi-
mental groups on sociodemographic characteristics and
pharmacy=medical claims-related measures. With the ex-
ception of the item assessing the number of chronic medi-
cations in the 3-month period prior to the index statin
(subjects assigned to the experimental group had a lower
number of concomitant medications), no statistically signifi-
cant group differences were detected between the groups.
Overall, the sample was approximately two-thirds female,

Table 1. Sociodemographic and Medical=Pharmacy Claims-Related Background

Characteristics By Experimental Condition

Enhanced Care
Control Group

(N¼ 244)

Experimental
Group

(N¼ 253)
Total

(N¼ 497)

Sociodemograpics
% Female 62.7% 62.1% 62.4%
Mean Age 54.2 54.6 54.4

% <50 Years of age 30.5% 25.3% 28.0%
% 50–64 60.2% 64.4% 62.4%
% 65þ 09.0% 10.3% 09.7%

% HMO 48.0% 48.6% 50.6%

Index statin
% Lipitor 55.7% 53.0% 54.3%
% Zocor 16.0% 16.6% 16.3%
% Other statin 28.3% 30.4% 15.7%

29.4%
Mean $ co-pay 30.4 32.1 31.2

% �$29 45.1% 46.6% 45.9%
% $30–$49 40.2% 34.0% 37.0%
% $50þ 14.8% 19.4% 17.1%

% Lipid-lowering agent dispensed 7–12 months
prior to index statin

11.1% 10.7% 10.9%

% Index statin not dispensed 04.5% 04.7% 4.6%
% 90-day supply of statin dispensed during 180-day

observation period
04.1% 02.8% 03.4%

Health status
NCEP Risk Classification

% High risk 41.0% 41.1% 41.0%
% Moderate risk 20.1% 15.0% 17.5%
% No assigned risk 38.9% 43.9% 41.4%

Mean chronic medication dispensed �90 days prior
to index statin*

3.7 3.3 3.4

% 3þ Medications 62.3% 53.4% 57.8%
Enrollment in cardiac disease management program

% Not enrolled 70.9% 71.5% 71.2%
% Enrolled prior to index statin 19.3% 17.8% 18.5%
% Enrolled after index statin: 09.8% 10.7% 10.3%

*P< 0.05.
HMO, health maintenance organization; NCEP, National Cholesterol Education Program.
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with a mean age of 54, half of whom were affiliated with the
plan as HMO members. A slight majority of subjects were
prescribed Lipitor, with the mean member co-pay of ap-
proximately $30. A tenth of subjects had pharmacy claims
evidence of being prescribed a lipid-lowering agent during
the 7–12 month period prior to the index statin. Fewer than
5% of subjects were not dispensed their index statin, with
only 3.4% dispensed a statin prescription with a 90-day
supply during the 180-day follow-up observation period.
Two fifths of the subjects were classified as ‘‘high’’ risk based
on NCEP criteria, and 30% were enrolled in the cardiac
disease management program at some point during the 180-
day observation period.

Table 2 contrasts the enhanced care controls and experi-
mental subjects on cholesterol-related health beliefs, atti-
tudes, and behaviors obtained from the baseline IVR call. As
noted, the number of valid responses varies from item to

item, as subjects had the option to not respond to any given
item. With the exception of the item assessing the expectation
to continue taking a statin once the subject’s cholesterol
drops to a healthy level (with a higher proportion of exper-
imental subjects endorsing this behavioral intention), no
statistically significant group differences were detected.

Slightly less than three fourths (72.9%) of subjects reported
that they had started taking their statin and had not yet
missed a dose. The small proportion of respondents who
reported that they had not yet started taking their statin were
asked to answer the subsequent questions as though they
had already begun taking their medication. Nearly 60%
(57.7%) reported that they were ‘‘very concerned’’ about
having high cholesterol, although fewer than half (46.8%)
reported that it was ‘‘very likely’’ that taking their cholesterol
medication exactly as prescribed would lower their choles-
terol. Nearly three fourths of subjects (71.8%) cited that the

Table 2. Cholesterol-Related Attitudes, Beliefs, and Behaviors Obtained

From the Baseline Assessment By Experimental Condition

Enhanced Care
Control Group N

Experimental
Group N Total N

Statin adherence 244 253 497
% Started statin, never missed dose 74.1% 71.5% 72.9%
% Started statin, missed 1þ dose 21.7% 22.1% 21.9%
% Not yet started statin 04.2% 06.3% 05.2%

Attitudes, beliefs, expectations, doctor–patient relationship
Concerned about having high cholesterol 242 250 492

% Very 59.1% 56.4% 57.7%
% Somewhat 33.9% 37.2% 35.6%
% Not at all 07.0% 06.4% 06.7%

Likelihood that statin will lower cholesterol 242 249 491
% Very 44.2% 49.4% 46.8%
% Somewhat=not at all 15.3% 13.7% 14.5%
% Not sure 40.5% 36.9% 38.7%

Most important reason for taking statin 197 203 400
% It may help lower my cholesterol 70.6% 72.9% 71.8%
% My physician told me so 29.4% 27.1% 28.2%

Decision maker in managing cholesterol 230 246 476
% We work together 74.3% 79.3% 76.9%
% I do 12.2% 07.3% 09.7%
% My doctor does 13.5% 13.4% 13.4%

Take statin once cholesterol is at healthy level* 241 250 491
% Yes 31.1% 41.2% 36.3%
% No 32.0% 26.8% 29.3%
% Uncertain 36.9% 32.0% 34.4%

Motivation and confidence to take statin
Motivation to take statin everyday 242 252 494

% Low (Score of 1–3 on 5-point Likert Scale) 17.8% 15.9% 16.8%
% Medium (Score of 4) 16.1% 19.0% 17.6%
% Extremely (Score of 5) 66.1% 65.1% 65.6%

Confidence in ability to take statin everyday 240 251 491
% Low (Score of 1–3 on 5-Point Likert Scale) 13.3% 09.6% 11.4%
% Medium (Score of 4) 19.6% 26.3% 23.0%
% Extremely (Score of 5) 67.1% 64.1% 65.6%

Perceived barriers to taking statin
% Yes—It costs too much. 33.9% 236 27.2% 249 30.5% 485
% Yes—I am concerned about side effects. 42.1% 242 43.2% 250 42.9% 492
% Yes—I may forget to take it. 36.4% 242 36.4% 253 36.4% 495
% Yes—I don’t think it will help. 08.7% 241 07.7% 247 08.2% 488

*P< 0.10.
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most important reason for taking their statin was to ‘‘help
lower their cholesterol,’’ with 76.9% reporting that they
‘‘work together’’ with their doctor to make decisions re-
garding the management of their cholesterol. Only slightly
more than a third (36.3%) reported that they intend to con-
tinue taking their statin once their cholesterol is lowered to a
healthy level, suggesting that many subjects viewed taking a
statin similar to treatment of a time-limited acute condition.

Subjects reported high levels of motivation and confidence
to take their statin every day as prescribed, with approxi-
mately two thirds of subjects reporting a score of ‘‘5’’ on
Likert scales ranging from a low score of 1 to a high score of 5
(‘‘extremely motivated’’=‘‘extremely confident’’). Finally,
subjects were asked about potential barriers (‘‘things that
could get in the way’’) to taking their cholesterol-lowering
medication every day. The largest percentage of subjects
(42.9%) reported concerns about side effects, followed by
forgetfulness (36.4%), and cost barriers (30.5%); only 8.2%
reported that they did not think the statin would help.

Impact of intervention on primary
and secondary outcomes

Table 3 displays the impact of the experimental interven-
tion on the primary and secondary persistence=adherence
measures, including unadjusted and adjusted odds ratios
and accompanying 90% confidence intervals. The small
number of cases with missing data on the self-report cov-
ariate was assigned the value of the modal category on the
item for the purpose of having identical sample sizes for the
unadjusted and adjusted odds ratios. For both the primary
and secondary outcome measures, when contrasted with the
enhanced care control group, the likelihood of being classi-
fied as meeting the criteria of success was found to be sta-
tistically significantly higher among experimental subjects.
For the primary dependent measure (6-month point preva-
lence persistency), 70.4% of the experimental subjects were
persistent as contrasted with 60.7% of enhanced care controls,
with an adjusted odds ratio of 1.64 (90% confidence interval
1.19–2.27). As noted, in all instances the adjusted odds ratios
are slightly higher than the unadjusted odds ratios due to the
fact that experimental subjects were on fewer chronic medi-
cations prior to being prescribed their index statin, and tak-

ing fewer concomitant medications was found to be
negatively associated with statin persistence=adherence.

Exposure to the experimental intervention was found to
have less of an impact on the various secondary outcome
measures (odds ratios ranging from 1.41 to 1.43). However,
from a clinical perspective, an examination of the most rig-
orous outcome measure (continuous persistence coupled
with a MPR �80%), the intervention was found to increase
the proportion of subjects meeting this criteria by an im-
pressive 20.9% (45.1% for the experimental group versus
37.3% for the enhanced care controls) with an adjusted odds
ratio of 1.41 (90% confidence interval 1.03–1.92).

In an effort to obtain a potentially more precise estimate of
group differences, adjusted odds ratios were calculated on
the primary and secondary outcomes by entering into a lo-
gistic regression model any covariate (including claims-
based measures displayed in Table 1 and the baseline self-
report measures reviewed in Table 2) that was associated at
the univariate level with both experimental group status and
the various dependent measures at a P value of �0.20 (data
not shown). These analyses failed to modify the findings
reported in Table 3, with group differences on the primary
and secondary outcome measures remaining statistically
significant at the P � 0.10 level.

Post hoc analyses were conducted to assess whether the
statistically significant differences detected on the primary
and secondary outcome measures between the experimental
and enhanced care controls were moderated as a function of
any covariate included in Tables 1 and 2. Although power to
detect statistically significant interaction effects was quite
low, none of the contrasts were found to be statistically
significant at the P< 0.05 level, suggesting that the impact of
the intervention was fairly robust across the broad spectrum
of subjects impaneled in the study. Although the interaction
term was not statistically significant, there was a trend across
all measures for the intervention to be particularly impactful
among the relatively small subset of subjects (n¼ 54) who
had been prescribed a lipid-lowering agent in the 7–12
month period prior to the index statin. For 6-month point
prevalence persistency, only 37.0% of enhanced care controls
were found to be persistent as contrasted with 66.7% of the
experimental group (P< 0.05). Similarly, for continuous
persistence coupled with an MPR�80%, only 3.3% of controls

Table 3. Comparison of Enhanced Care Control and Experimental Group Subjects

on Primary and Secondary Statin Persistence=Adherence Utilization Measures

Outcome Measure

Enhanced Care
Control Group

N¼ 244

Experimental
Group

N¼ 253
Unadjusted Odds
Ratio and 90% CI

Adjusted Odds
Ratioþ and 90% CI

Primary outcome
6-month point prevalence 60.7% 70.4%* 1.54 (1.13–2.10) 1.64 (1.19–2.26)
persistency

Secondary outcomes
Continuous persistence 44.3% 52.2%^ 1.37 (1.02–1.85) 1.41 (1.05–1.94)
Medication possession ratio� 80% 38.9% 47.0%^ 1.39 (1.03–1.88) 1.43 (1.05–1.96)
Continuous persistenceþmedication

possession ratio� 80%
37.3% 45.1%^ 1.38 (1.03–1.86) 1.41 (1.03–1.92)

*P< 0.05, ^P< 0.10.
þ(Odds ratio adjusted for number of chronic medications in 3-month period prior to index statin and intention to continue taking statin

once cholesterol level drops to a healthy level.)
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met the criteria of success as contrasted with 25.9% of the
experimental group (P< 0.05). It would appear that in the
absence of a behavioral support program, ‘‘statin recyclers’’
have a low probability of success if restarted on medication
within a relatively short time frame of a recent discontinu-
ation of a lipid-lowering treatment regimen.

Process analysis

Table 4 provides the proportion of experimental group
subjects successfully meeting the criteria of success on the
primary and secondary outcomes within levels of exposure
to the program. Slightly less than a third of subjects, (32.8%,
n¼ 83) participated in the initial baseline call only, with a
quarter (25.3%, n¼ 64) participating in all 3 calls. The re-
maining 41.9% of subjects (n¼ 106) participated in 2 of the 3
calls. Examination of the outcome measures by level of ex-
posure to the program reveals that there were no differences
between subjects who participated only in the baseline call
versus those who participated in the baseline call and second
call. As noted, the success rate for the various measures in-
creased slightly among the subset of subjects who partici-
pated in the third call, although there appeared to be no
additional benefit derived from participating in all 3 calls as
contrasted with just the first and third call. Nonetheless,
when dichotomized into subjects who did or did not par-
ticipate in the third call, no statistically significant differences
emerged on either the primary or secondary outcome mea-
sures (P> 0.20 in all instances).

Given that the subjects were not randomly assigned to the
number and=or sequence of call participation, a series of
multivariate analyses were conducted to assess if a clearer
picture would emerge with respect to level of exposure to the
intervention and success rate when examined within the
context of potentially confounding covariates (ie, perhaps
participation in the third call was simply a proxy for subjects
who would otherwise have a higher or perhaps a lower
likelihood of succeeding on the various outcome measures).
Based on all available measures from Tables 1 and 2, a
stepwise logistic regression (a P value �0.10 used as the
criteria for an item to enter and remain in the equation) re-
vealed that 4 items were found to discriminate between those
who did and did not participate in the third call. Results of
these analyses (data not shown) revealed that, upon con-
trolling on these 4 covariates, the main conclusions observed

in Table 4 remained unchanged in that participation in
the third call yielded only a small to moderate, but non-
significant increased proportion of subjects who met the
criteria of success on the primary and secondary outcome
measures.

Discussion

Results from this trial provide preliminary supportive
evidence that a relatively inexpensive intervention using
tailored messages derived using IVR technology coupled
with mailed print material can increase statin persistence=
adherence among patients initiating a statin medication
regimen. Favorable health outcomes of prior studies in a
variety of therapeutic areas (eg, diabetes, pain management,
hypertension) and health behaviors (smoking cessation,
physical activity) utilizing IVR technology have been re-
ported in the literature, although equivalent as well as neg-
ative findings have also been reported.66–72 Of direct
relevance to the current study, as contrasted to a usual care
control group, statin new starts exposed to up to 3 interactive
and customized IVR calls were found to have a modest (an
absolute improvement in persistence at 6 months of 4.6%;
49.3% versus 44.7%) but nonetheless statistically significant
improvement in medication persistence.73

The intervention used in this study represents an amalgam
of discrete elements borrowed from various evidence-based
adherence-enhancing strategies that were, in turn, based on
multiple behavioral theories in an effort to maximize the
external validity of the findings. The study was designed as a
real-world effectiveness trial that would mimic the way the
intervention would actually be implemented in a given
managed care organization. As such, with the exception of
the brief informed consent statement, potential subjects were
offered the intervention much as they would any IVR pro-
gram in their health plan. Given the emphasis on external
validity, this study can best be viewed as a first step in a
process of understanding which components or combina-
tions of components comprise the active ingredients in the
experimental group.

The effectiveness as opposed to the efficacy approach to
our evaluation strategy precluded us from obtaining detailed
baseline and follow-up data from the subjects, which could
have potentially helped identify mediating factors responsi-
ble for the observed group differences. For example, a sep-

Table 4. Achievement of Primary and Secondary Outcomes Measures

by Level of Exposure to Experimental Intervention

Outcome Measure

Baseline Call
Only

N¼ 83

Baseline Call
and Second Call

Only
N¼ 41

Baseline Call
and Third Call

Only
N¼ 65

Participation
in All 3 Calls

N¼ 64

Primary outcome
6-month point prevalence persistency 68.7% 65.9% 73.8% 71.9%

Secondary outcomes
Continuous persistence 50.6% 46.3% 56.9% 53.1%
MPR� 80% 42.2% 39.0% 47.7% 50.0%
Continuous persistenceþMPR� 80% 43.4% 43.9% 50.8% 50.0%

MPR, medication possession ratio.
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arate, freestanding follow-up interview with experimental
and control subjects conducted by a research assistant 3
months after the index statin would compromise the ‘‘real-
world’’ nature of the program not only in that the follow-up
interview could itself constitute a competing intervention of
sorts, but requiring subjects to participate in a follow-up
survey would likely further reduce the proportion of subjects
willing to participate in the study.

Several contributing factors may have been responsible for
the improved outcomes observed in the experimental group.
As found in other medication adherence interventions, the
simple act of reminding patients to refill their prescription on
a timely basis may have been a key element contributing to
the program’s success (in this instance through the reminder
message in the second and third IVR calls). Encouraging
a greater proportion of subjects in the experimental group
to follow up with their doctor in a timely fashion may be
another important contributing factor. Benner et al found
that early and frequent follow-up by physicians, especially
follow-up of lipid testing, was associated with improved
adherence to lipid-lowering therapy. Providing positive re-
inforcement that taking their statin had successfully lowered
their LDL cholesterol helped overcome the low motivation
patients have when attempting to manage an asymptomatic
chronic condition.74 Unfortunately, in the current study we
could not directly test this hypothesis because we did not
have access to the physician encounters or lab claims. In
addition to obtaining information on progress in achieving
their LDL goal that likely had a positive impact on the pa-
tient’s self confidence to manage their cholesterol, an early
follow-up encounter with a physician may have served 2
purposes that fostered adherence=persistence. First, early
follow-up provided the opportunity for patients to receive
additional educational information from their physician and=
or to follow up on questions that were prompted by what
they heard during an IVR call (eg, whether they should
continue to take their statin once their cholesterol is at a
healthy level). Second, an early follow-up encounter also
afforded the physician the opportunity to provide the patient
with strategies to overcome barriers to adherence (eg, side
effects, forgetfulness, cost). As with most studies examining
statin adherence, perceived cost barriers were found to be one
of the strongest predictors adversely affecting persistence=
adherence. For example, Piette et al found that, among pa-
tients with cost concerns, the impact of this barrier on ad-
herence was moderated if the patient viewed their physician
as trusting. The extent to which the current interven-
tion helped to foster a more trusting relationship between
patients and their providers (patients were encouraged to
have an open discussion with their providers about any
concerns they might have had about taking their medication
on a regular basis) may have contributed to the positive
outcomes observed for subjects assigned to the experimental
group.75

Because of the study design’s emphasis on real-world
implementation and application, the study methodology did
not allow us to assess the incremental benefit of the various
program components. For example, would similar outcomes
be obtained without the inclusion of the mailed tailored
guide? As suggested by the process evaluation, would there
be little loss of effectiveness if the second call was eliminated
and only the baseline and third call were included as part of

the intervention? Is the monthly interval between calls op-
timal or would 4 shorter calls separated by a smaller time
interval prove to be more effective? There are sophisticated,
innovative study designs that could address these important
issues, but they were beyond the scope of the current
project.76

Of equal importance is whether the impact of the inter-
vention would diminish over time in the absence of booster
sessions and=or related programmatic activity. Although
evidence from many studies reveals a high drop-off in ad-
herence during the initial 6-month period, there remains a
steady and sharp decline up to and beyond 12 months after
therapy has begun. Future studies will have to assess the
utility of the current intervention when examined in the
context of a longer time frame.

A limitation is the use of the claims data. Only claims
processed through the adjudication system are reflected in
the data. Sample medications dispensed in a physician’s of-
fice or medications purchased outside of the claims system
are not captured in this data. Adherence measures were
calculated based on claims data; the assumption was that
prescriptions filled were taken by the patient.

Of some concern in the current study is the relatively low
proportion of eligible subjects who were reached and ulti-
mately enrolled in the trial. In large part this was a function
of the relatively high proportion of subjects (77%) who were
never reached by the IVR system after 6 attempts. This
noncontact rate was found to be substantially higher than the
50% contact rate routinely observed by the health plan for
other IVR applications. Additionally, approximately half of
the potential subjects who were contacted refused to provide
verbal consent to participate in the call as part of a research
study. Of note, a detailed analysis of nonparticipants re-
vealed that with the exception of age, sex, and participation
in the cardiac disease management program (study partici-
pants were significantly older [54.4 versus 52.2], more likely
to be female [62.2% versus 48.3%], and more likely to be
enrolled in the disease management program [28.8% versus
19.5%]), no statistically significant group differences were
observed. Thus, there was no evidence that study partici-
pants differed from nonparticipants with respect to key
health status indicators (eg, similar profile on NCEP risk
classification and number of chronic medications) or with
regard to the index statin (eg, co-payment level, receipt of a
lipid-lowering agent in the prior year, whether the index
statin was dispensed).

Of particular importance, no statistically significant dif-
ferences were detected between the enhanced care controls
and study nonparticipants (including those not contacted,
and those who were contacted and declined to participate in
the study or were judged ineligible) on the primary outcome
measure (6-month point prevalence persistency), whereas
subjects in the experimental group were found to have a
statistically significantly higher prevalence rate than detected
in all 3 remaining groups. As stated, 70.4% of the experi-
mental group was classified as meeting the criteria for
6-month point prevalence persistency as contrasted with
60.7% of enhanced care controls. The rate of 60.7% among
the enhanced care controls was found to be nearly identical
and statistically indistinguishable from the 57.8% rate among
nonparticipants who were contacted but refused or were
classified as ineligible, and the 56.4% of potential subjects
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who were never contacted. These differences remained un-
changed when examined within the context of 3 statistically
significant covariates of age, sex, and enrollment in the
health plan’s cardiac disease management program. As such,
outcome data from the nonparticipants provides strong
confirmatory evidence derived from the randomized clinical
trial that the experimental intervention did indeed have a
favorable impact on increasing statin persistence=adherence.

Ultimately, further research evaluating results longer than
6 months after their index prescription would be warranted,
as well as determining the medical outcomes of interest in-
cluding decrease of LDL values and avoidance of a cardio-
vascular event. Additional research may benefit from
additional recruitment methods such as including physicians
or case managers in the enrollment process. The intervention
may be better received when recommended by a health care
provider versus receiving a cold call as the initial contact.
Study outcomes might also be enhanced by utilizing addi-
tional intervention strategies such as text messaging refill
reminders or having scheduled times for follow-up calls with
participants from the VAT.

Although the randomization procedure coupled with the
findings from the nonequivalent control groups helped op-
timize the internal validity of study outcomes, the extent to
which the findings would generalize to other patients and=or
settings is unknown. Of particular salience to the issue of
external validity is whether a similar intervention would be
shown to increase adherence rates among statin users who
were not new starts, but had been on their medication for
varying lengths of time. Subjects in the current study
were drawn from a commercial, predominately employed,
working=middle class population. The extent to which the
observed impact of the intervention would generalize to
disadvantaged populations (eg, Medicaid recipients, patients
with no regular source of care) or the elderly (Medicare
beneficiaries) is unknown. Additionally, the site of the cur-
rent study was an independent physician association=group
model managed care organization; it is unknown if similar
outcomes would be observed among patients enrolled in
highly integrated delivery systems (eg, Veterans Adminis-
tration, staff model HMOs) that have a more robust patient
educational=support system as a routine part of the delivery
of usual care to medication new starts.

The interactive technology systems approach to wellness
described in this article and the phenomenon of tailored
patient interactions using technology have the potential to
change consumers’ relationships with their traditional touch
points in health care. Interactive technology has the imme-
diate potential to: reach large populations of health care
consumers, be a cost-effective method to improve treatment
adherence, be easily implemented in diverse health care
settings, and be used to engage and motivate consumers to
take an active role in improving their medication-taking
behavior.

The findings highlighted in this research demonstrate that
patients with high cholesterol levels can benefit from per-
sonalized, tailored interactive health messages delivered
through interactive technology. In the future, voice-activated
systems, integrated with Web-based, mobile, and other in-
novative technological interfaces, will provide the impetus to
accelerate the recognition and acceptance of eHealth as an
effective and efficient way to engage patients to take an ac-

tive role in managing their treatment regimen and improving
their medication-taking behavior.
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