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A n estimated 16 million Americans have coronary heart disease 
(CHD).1 It is the most common cause of mortality among 
American adults. Because of the morbidity and mortality bur-

den of CHD, it is not surprising that costs associated with this condi-
tion are high. In the United States in 2008, direct medical costs for 
CHD exceeded $87 billion, while indirect costs (lost productivity of 
the patient and the caregiver) accounted for an additional $70 billion.1 
Therefore, identifying strategies for reducing the incidence of CHD 
can lead to significant monetary savings.

One proven strategy for prevention of CHD is to reduce low-density 
lipoprotein cholesterol (LDL-C) levels.2 A considerable body of evi-
dence demonstrates that hydroxymethyl glutaryl coenzyme A reductase 
inhibitors (statins) are effective and well-tolerated agents for decreasing 
LDL-C levels and for reducing cardiovascular (CV) events.3-5

However, treatment can be expected to provide a clinical benefit only 
in patients who take their medication continuously on a long-term basis. 
Several studies have demonstrated that LDL-C level and CV risk reduc-
tion with lipid-lowering therapy is greater in patients who are compliant 
with therapy6,7 and that poor compliance may account for the difference in 
outcomes between randomized controlled trials and clinical practice.8,9

Data are limited about the effect of compliance on outcomes within 
the first 1 to 2 years of treatment with statins. Veterans Healthcare Ad-
ministration data indicate that compliance during the first 1 to 2 years 
of statin treatment can reduce mortality in the subsequent year among 
patients with diabetes.10 However, that study was conducted in a high-
risk population, and it is unknown whether early compliance with statin 
therapy can provide tangible benefits in terms of healthcare resource 
utilization among a more heterogeneous population.

The objective of the present study was to evaluate the effect of statin 
therapy compliance during the first 2 years of treatment on healthcare 
resource utilization in year 3 from the payer perspective. We hypothesized 
that patients with continuous statin treatment compliance will incur lower 
healthcare costs in the following year than patients with less compliance, 

even in early stages of treatment.

Methods
Study Population

This was a retrospective analysis 
of integrated medical and pharmacy 
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Objective: To investigate whether compliance 
during the first 2 years of statin therapy is associ-
ated with reduced hospitalization rates and direct 
medical costs during year 3.

Study Design: An integrated pharmacy and medi-
cal claims database was used to identify adult 
patients with a new statin prescription between 
July 1, 2001, and June 30, 2002. The study tracked 
statin prescription refills during the first 2 years 
after the initial statin claim and tracked hospital-
izations and direct medical costs during the first 
3 years.

Methods: Patients were stratified according to 
compliance in the first 2 years using the medica-
tion possession ratio, where 80% or higher is 
compliant and less than 80% is noncompliant.  
The relationship between compliance rates and 
direct medical costs was evaluated using a gener-
alized linear model. Adjusting for covariates that 
may affect cardiovascular risk, the relationship 
between compliance and the likelihood of hospi-
talization was assessed using logistic regression 
models.

Results: The 2-year medication possession ratio 
was 80% or higher in 3512 patients (compliant) 
and was less than 80% in 6715 patients (non-
compliant). Compared with the noncompliant 
patients, the compliant patients during year 3 had 
significantly fewer hospitalizations (16% vs 19%) 
and lower total direct medical costs (excluding 
the cost of statin therapy) ($4040 vs $4908 per 
patient) (P <.01 for both).

Conclusion: Compliance with statin therapy in 
the first 2 years of use may reduce hospitalization 
rates and direct medical costs in the subsequent 
year.
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claims data between January 1, 2000, and June 30, 2004. 
Adult patients who met the following criteria were identified 
and included in the study: (1) received a statin prescription 
between July 1, 2001, and June 30, 2002, and had no pre-
scription for statins in the 6 months before this prescription 
(ie, they were presumed to be new to statin therapy); (2) had 
continuous coverage by the health plan for the 6 months be-
fore the initial (index) statin prescription and 3 years after 
the index statin prescription; (3) filled 2 prescriptions on 2 
different dates or 1 prescription with at least 45 days supply 
in the first year following the index date; (4) were at least 18 
years old at the index date; and (5) underwent no pregnancy 
or fertility procedures during the follow-up period. All pa-
tients had to be continuously enrolled in the health plan to 
be eligible for inclusion; therefore, no study patients died dur-
ing the follow-up period, and the effect of statin compliance 
on mortality was not examined.

Data Sources
Medical claims were obtained from a deidentified adminis-

trative claims database that is available for research purposes. 
The database was maintained by a health plan organization 
for all medical plan types, including health maintenance or-
ganizations, preferred provider organizations, traditional fee-
for-service plans, and Medicare Advantage. Drug utilization 
data were obtained from the prescription claims database of 
Medco Health Solutions, Inc, the pharmacy benefits manage-
ment company responsible for the prescription benefit plan 
among this population.

For each patient (using member identification), the 
following medical claim information was collected: ser-
vice date, place of service, copayment amount, deductible 
amount, amount the health plan paid, Current Procedural 
Terminology (CPT) code, and International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 
diagnosis code. Similarly, the following pharmacy claim 
information was collected for each patient’s prescription 
history: date filled, days supply (number of days), National 
Drug Code number, drug name, copayment amount, de-

ductible amount, and the amount the 
health plan paid. All pharmacy claims, 
including statins, were included in the 
analysis of drug utilization. Data on age 
and sex were drawn from an eligibility 
database maintained by the health plan 
organization. Medical and pharmacy 
claims data were integrated at the pa-
tient level, with all personal identify-
ing information removed.

Study Design
Medical and pharmacy claims data were analyzed for the 

6 months before the first statin prescription (index date) and 
for the 3 years after the index prescription. Drug and medi-
cal claims were tracked concurrently for the 3-year period 
after the index date of initial statin prescription. All statin 
prescriptions for an individual patient were considered dur-
ing this period; a switch from one statin to another was con-
sidered continuous statin therapy. Because statin costs were 
based on pharmacy claims, patients with lower compliance 
incurred lower statin costs, and vice versa.

Medication compliance over the first 2 years of statin 
therapy was assessed using the medication possession ra-
tio (MPR), defined as the proportion of a period in which 
a patient had medication supply. The MPR numerator was 
derived by summing the number of days with prescription 
medication from the date of the index claim until 2 years 
after this date. This was then divided by 730 (total number of 
days in 2 years) to derive the MPR. Patients with an MPR of 
80% or higher were considered compliant, and patients with 
an MPR of less than 80% were considered noncompliant. 
The MPR was chosen for this analysis because it is the most 
frequently cited measure of compliance in the literature,11 
and 80% is the most common threshold for compliance.11,12 
In a secondary analysis, patients in the sample were stratified 
into the following 5 categories according to their MPR: 0% 
to 19%, 20% to 39%, 40% to 59%, 60% to 79%, and 80% 
or higher.

Using the medical claims data, outcomes in the third year 
after the index statin prescription were compared between 
patients who were considered compliant versus noncompliant 
in the preceding 2 years. The outcomes evaluated during that 
year were the number of hospitalizations per 100 patients, 
the percentage of patients hospitalized, and the total medical 
costs (with and without statin therapy cost) per patient. Data 
were derived from primary, secondary, and tertiary diagnoses 
defined by ICD-9-CM codes in medical claims data and from 
CPT codes for angina, CV disorders, cerebrovascular disor-
ders, and peripheral vascular disease procedures (eAppendix 

Take-Away Points
Compliance rates of 80% or higher during the first 2 years of statin therapy were associated 
with significantly reduced hospitalization rates and direct medical costs in the subsequent 
year among a heterogeneous group of statin users.

n	 Both all-cause and cardiovascular-related hospitalizations were significantly reduced in 
patients with compliance of 80% or higher versus less than 80%.

n	 Total direct medical costs were lower in the group with compliance of 80% or higher 
versus less than 80%.

n	 The greatest potential incremental benefit can be achieved by motivating patients who 
are 60% to 79% compliant to be 80% compliant or higher.
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and dichotomous dependent variables (the likelihood of hav-
ing an event). Statistical significance was assessed using F test 
for continuous variables (generalized linear models) and Wald 
χ2 in the logistic regression models, and 95% confidence in-
tervals (CIs) were calculated. The following covariates were 
used in the logistic regression model: (1) age; (2) sex; (3) 
chronic disease score; (4) the use of concomitant medications 
that may increase or decrease the risk of CV events (specifi-
cally antiplatelet agents and antiarrhythmics); (5) comorbid-
ities (diabetes, renal disease, congestive heart failure, chronic 
obstructive pulmonary disease, depression, or hypertension) 
during the 2 years after the index statin prescription (period 
of compliance assessment); and (6) CV disorders (based on 
ICD-9-CM codes) or the need for CV or peripheral vascular 
procedures (based on procedural claim codes) during the 2 
years after the index statin prescription.

Results
Our analysis identified 10,227 patients who met the inclu-

sion criteria. Patients were aged 18 to 93 years (mean age, 
58.5 years). Of these, 3512 (34%) had a 2-year MPR of 80% 

available at www.ajmc.com). In the secondary analysis, the 
same variables were evaluated in the groups stratified by 20% 
increments of MPR. The ICD-9-CM and CPT codes were 
chosen because clinical trials demonstrated an effect of statin 
therapy on these outcomes2,4,5,13-15 or on reducing morbidity 
and mortality after these procedures or events.16-19 All health-
care utilization costs related to each ICD-9-CM or CPT code 
were calculated from the claims data for each patient during 
year 3 of statin treatment, including outpatient visits, emer-
gency department (ED) visits, inpatient overnight stays in a 
hospital, surgery, physical therapy, laboratory, and pharmacy. 
All statin costs included the cost to the insurer and the pa-
tient copayment. An ED visit was defined as a visit to an ED 
that did not exceed 1 day. If an ED visit progressed to an over-
night stay, it was considered a hospitalization.

Statistical Analysis
Baseline demographic characteristics in the compliant and 

noncompliant groups were compared using χ2 test and t test. 
A generalized linear model was used for continuous depen-
dent variables (cost), and logistic regression models were used 
to evaluate the relationship between medication compliance 

n Table 1. Baseline Demographics of Patients Compliant (MPR >80%) Versus Noncompliant (MPR <80%)  
With Statin Therapy and Comorbidities and Concomitant Medications During the First 2 Years of Statin Use

Variable Compliant (n = 3512) Noncompliant (n = 6715) P 

Baseline Demographics

Age, y

    Mean (SD) 57 (10) 59 (13) <.001

    >65, No. (%) 797 (22.7) 2515 (37.5) <.001

Female sex, No. (%) 1384 (39.4) 3197 (47.6) <.001

Chronic disease score, mean (SD) 12.50 (13.48) 10.98 (11.85) <.001

No. of comorbidities, mean (SD) 1.94 (1.54) 1.73 (1.46) <.001

Comorbid Conditions and Concomitant Medications  
During the First 2 Years of Statin Use

Comorbid condition, No. (%)

  D  iabetes 717 (20.4) 1434 (21.4) .27

    Renal disease 60 (1.7) 157 (2.3) .04

    Congestive heart failure 299 (8.5) 707 (10.5) .001

    Chronic obstructive pulmonary disease 63 (1.8) 187 (2.8) .002

    Cardiovascular procedure 130 (3.7) 198 (2.9) .03

    Peripheral vascular procedure 25 (0.7) 45 (0.7) .94

  H  ypertension 2272 (64.7) 3977 (59.2) <.001

  D  epression 528 (15.0) 805 (12.0) <.001

Concomitant medication, No. (%)

    Antiarrhythmics 62 (1.8) 107 (1.6) .48

    Antiplatelets 176 (5.0) 322 (4.8) .58

MPR indicates medication possession ratio.
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or higher and comprised the compliant group. The other 6715 
patients (66%) had a 2-year MPR of less than 80% and com-
prised the noncompliant group. The mean (SD) MPRs were 
92.4% (5.8%) in the compliant group and 40.2% (22.4%) in 
the noncompliant group.

Patient demographic characteristics at the time of the in-
dex statin prescription are given in Table 1. The compliant 
group was significantly younger, included fewer female pa-
tients, had a higher mean chronic disease score, and had more 
comorbidities than the noncompliant group (P <.001 for all).
Compared with the noncompliant group, the compliant group 
also included more patients who underwent a CV procedure 
in the 2 years following the index statin prescription (P = 
.03) and who had depression or hypertension (P <.001 for 

both) but included fewer patients with renal disease (P =.04), 
congestive heart failure (P = .001), and chronic obstructive 
pulmonary disease (P = .002). There was no significant dif-
ference between the 2 groups in the use of antiarrhythmic or 
antiplatelet therapy.

In the logistic regression model, the adjusted percentage 
of patients hospitalized during year 3 of statin use was sig-
nificantly lower in the compliant group than in the noncom-
pliant group (16% vs 19%, P <.01) (Table 2). In addition, 
patients who were compliant in the preceding 2 years had 
significantly fewer hospitalizations in year 3 (25 vs 33 per 100 
patients, P <.01).

Results of the generalized linear model for per-patient 
medical costs are shown in Figure 1. Excluding the cost of 

statin therapy, the adjusted per-patient total 
medical costs in the third year of statin ther-
apy were significantly lower in the compli-
ant group than in the noncompliant group 
($4040 [95% CI, $3601-$4478] vs $4908 
[95% CI, $4594-$5222], P <.01). When the 
cost of statin therapy was included, the ad-
justed total medical costs per patient were 
still significantly lower in the compliant 
group ($4909 [95% CI, $4470-$5347] vs 
$5290 [95% CI, $4976-$5604], P <.01).

When the data were evaluated by 20% 
increments of MPR, a similar pattern 
emerged. The adjusted percentage of pa-
tients hospitalized and number of hospital-
izations per 100 patients were lower for the 
group with an MPR of 80% or higher versus 
groups with lower MPRs (P <.001 for varia-
tion across quintiles) (Table 3), as were the 
total medical costs (including and exclud-
ing the cost of statin therapy) (P <.001) 
(Figure 2). The most hospitalizations and 

n  Figure 1. Total Per-Patient Direct Medical Costs in the Third Year of 
Statin Use Among Patients Compliant (MPR >80%) Versus Noncompliant 
(MPR <80%) With Therapy During the First 2 Years of Statin Use

n Table 2. Health Outcomes in the Third Year of Statin Use Among Patients Compliant (MPR >80%)  
Versus Noncompliant (MPR <80%) With Therapy During the First 2 Years of Use

MPR indicates medication possession ratio. 
The cost of statin therapy is excluded in the data on the left and is included in the data on 
the right.  

Value (95% Confidence Interval)

Variable Compliant (n = 3512) Noncompliant (n = 6715) P

Hospitalizations per 100 patients, No.

    Any condition 25 (22-27) 33 (31-35) <.01

    Cardiovascular-related condition 16 (13-19) 23 (22-26) <.01

Patients hospitalized, %

    Any condition 15.5 (14.4-16.8) 19.3 (18.3-20.2) <.01

    Cardiovascular-related condition 5.8 (5.0-6.6) 7.7 (7.0-8.4) <.01

MPR indicates medication possession ratio.
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the highest costs were seen in the group with the poorest 
compliance (0%-19% MPR). The incremental difference 
in adjusted healthcare resource utilization and total medical 
costs between adjacent categories of MPRs was greatest be-
tween groups with MPRs of 60% to 79% and MPRs of 80% 
or higher. The total per-patient medical costs, excluding the 
cost of statin therapy, were $4691 (95% CI, $4076-$5306) 
in the group with MPRs of 60% to 79% and $4035 (95% CI, 
$3597-$4473) in the group with MPRs of 80% or higher.

Discussion
Our data indicate that sustained compliance with statin 

therapy (>80% MPR) in the first 2 years after initiation is 
associated with reductions in healthcare utilization and di-
rect medical costs in the following year. Using MPRs, Zhang 
et al10 showed that early compliance with statin therapy (in 
the first 1-2 years of use) among a population with diabetes 
resulted in reduced risk of mortality. Patients with diabetes 
represent a high-risk group, and similar reductions in mor-
tality or major CV outcomes from early statin compliance 
in a lower-risk cohort have not previously been demonstrat-
ed to our knowledge. Even in a heterogeneous population of 
statin users, our data indicate that early compliance is asso-
ciated with fewer all-cause and CV-related hospitalizations 
and with lower healthcare utilization costs. Unlike Zhang 
et al, we did not analyze the effect of statin compliance on 
mortality because our study included only patients who were 
alive for 3 years after the index statin prescription.

Compared with our noncompliant patients, the compli-
ant patients had a higher chronic disease score, more comor-
bidities, and greater likelihood of undergoing a CV procedure 
in the first 2 years of statin therapy. This is consistent with 
other data showing that greater CV risk (real or perceived) 

is associated with better adherence to statins.6,20,21 In a retro-
spective analysis similar to ours, Goldman et al20 found that 
patients at high CV risk (based on age, sex, and comorbidi-
ties) were more compliant with lipid-lowering therapy than 
patients at lower risk. Similar to our results, these research-
ers found significantly lower rates of all hospitalizations and 
CV-related hospitalizations among patients with MPRs of 
80% or higher versus MPRs of less than 80%, and this was 
most marked in patients at high or medium risk.20

Similarly, patients with established CHD seem to be more 
compliant with therapy.22 A 2008 study22 of patients on the 
CHD registry of the Kaiser Permanente Managed Care Orga-
nization found that 74% were compliant with statin therapy 
(using the proportion of days covered to estimate compli-
ance) compared with 34% in our study. The discrepancy in 
compliance rates probably reflects differences in the patient 
groups. In their study, patients had established CHD and 
were not new to statin therapy, whereas our study included 
patients who were initiating statin therapy. Previous data 
have indicated that patients who are new to statin therapy 
are less likely to be compliant than those who are established 
statin users and that a new statin prescription is a significant 
risk factor for poor compliance.23 It is also possible that dif-
ferences result from the methods used to estimate compli-
ance (proportion of days covered vs MPR), although these 2 
methods have been shown to produce concordant results in 
other investigations.24 Nevertheless, when the adherent and 
nonadherent cohorts in the study by Ho et al22 were com-
pared, the results are consistent with ours, with statin non-
adherence associated with significantly increased risks of CV 
hospitalization (by 35%) and coronary revascularization (by 
11%) over a median of 4 follow-up years.

When we examined our data by 20% increments of MPR, 
hospitalization rates and medical costs were highest in the 

n Table 3. Health Outcomes in the Third Year of Statin Use Among Patients Stratified by 20% Increments of MPR

   MPR for the First 2 Years of Statin Use, Value (95% Confidence Interval)

 
Variable

0%-19%  
(n = 1630)

20%-39%  
(n = 1830)

40%-59%  
(n = 1511)

60%-79%  
(n = 1744)

>80%  
(n = 3512)

 
     Pa

Hospitalizations per  
100 patients, No.

    Any condition 37 (33-42) 36 (32-39) 29 (25-34) 30 (26-34) 25 (22-27) <.001

    Cardiovascular-related  
    condition

27 (23-31) 26 (22-30) 21 (17-25) 21 (17-25) 16 (13-19) <.001

Patients hospitalized, %

    Any condition 21.7 (19.7-23.8) 19.9 (18.1-21.8) 17.4 (15.6-19.4) 17.9 (16.2-19.8) 15.5 (14.3-16.7) <.001

    Cardiovascular-related  
    condition

8.9 (7.6-10.4) 8.0 (6.8-9.2) 6.9 (5.8-8.2) 7.0 (5.9-8.2) 5.7 (5.0-6.5) <.001

MPR indicates medication possession ratio. 
aFor significance of variation across quintiles.
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2 lowest quintiles (0%-19% and 20%-39% MPR) and were 
lowest in the highest quintile (>80% MPR). The middle 2 
quintiles (40%-59% and 60%-79% MPR) showed similar hos-
pitalization rates for any condition (29 and 30 hospitalizations 
per 100 patients, respectively) and for CV-related conditions 
(21 hospitalizations per 100 patients for both). The test for 
trend across quintiles was statistically significant (P <.001). 
Results of the cost analysis by MPR quintiles suggest greater 
cost saving by motivating patients who are 60% to 79% com-
pliant to be 80% compliant or higher than by motivating pa-
tients from lower quintiles of compliance to the next level. 
For example, according to our analysis, the effect on total 
medical costs (excluding the cost of statin therapy) would be 
negligible if a patient moved from being 40% to 59% compli-
ant to being 60% to 79% compliant. However, because ours 
was a retrospective observational study, this finding is hypoth-
esis generating only and should be confirmed in a prospective 
analysis of compliance and outcomes. Regardless of the effect 
on costs, the benefits of compliance with respect to lowering 
CV risk cannot be overemphasized, and patients with any 
level of suboptimal compliance should be encouraged to take 
their lipid-lowering medication daily and to reach and main-
tain compliance levels of at least 80%.

Several strategies have been investigated to improve 
compliance with lipid-lowering therapy, including simplified 
drug regimens, patient information and education, intensi-

fied patient care, and behavioral 
interventions such as group ses-
sions, although no particular in-
tervention has proven to be more 
effective than another.25 A mul-
tifaceted approach to improving 
adherence is required, including 
medication factors (adverse ef-
fects and ease of administration), 
psychosocial factors (patient and 
physician), and environmental 
factors (family, healthcare system, 
and medication cost).26

Our study found that the total 
medical costs in year 3 for patients 
taking statins was significantly 
lower in patients with MPRs of 
80% or higher versus MPRs of 
less than 80% when the cost of 
statin therapy was included. A 
January 2006 Agency for Health-
care Research and Quality27 pub-
lication noted that statins carried 
the highest mean expense among 

the top 5 therapeutic drug classes prescribed to US adults. 
However, the cost of statins to patients and insurers is likely 
to decrease in coming years as more generic statins become 
available. In several studies,28-30 higher insurance copayment 
has been identified as a factor in poor compliance, suggesting 
that compliance may improve as the cost of statins declines.

Some limitations of our data need to be borne in mind. 
First, because our study population had medical insurance and 
did not include persons solely reliant on public assistance, it 
may not be representative of the national sample of statin us-
ers. Second, only direct medical costs were included in our 
analysis; indirect costs (eg, lost productivity of the patient or 
caregiver) are difficult to assess retrospectively but are likely to 
significantly increase the total costs in both study groups. Ac-
cording to 2008 American Heart Association1 estimates, 44% 
of the total cost of CHD can be attributed to indirect costs.

The MPR measures prescription refills and is an indirect 
measure of compliance (ie, refilling a prescription does not 
necessarily equate to taking the drug),31 which is a limita-
tion of claims-based analyses. We chose the MPR because 
it is the most commonly used measure of compliance in 
the literature,11 and our threshold MPR of 80% or higher 
is consistent with similar studies.12,20,32-34 Under our defini-
tion of compliance (with a denominator of 730 days in our 
calculation of the MPR), patients whose medication was 
stopped by the physician because of intolerance or who were 

n  Figure 2. Total Per-Patient Direct Medical Costs in the Third Year of Statin Use 
by 20% Increments of MPR for the First 2 Years of Status Use

MPR indicates medication possession ratio. 
The cost of statin therapy is excluded in the data on the left and is included in the data on the right.  
P values are for significance of variation across quintiles. 
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switched to a nonstatin lipid-lowering agent would be classi-
fied as poorly compliant or as noncompliant. Although it is 
possible that compliance was underestimated using the MPR 
if patients refilled a prescription for which no insurance 
claim was submitted,24 this is unlikely because we selected a 
population of patients who were consistently enrolled in an 
insurance plan for the 3½-year duration of assessment. Simi-
larly, compliance may be underestimated in patients who 
split tablets, as these patients would be classified as poorly 
compliant using the MPR. Alternatively, if compliance is 
overestimated (because the MPR does not equate with con-
sumption of a statin), the actual differences in hospitaliza-
tion rates and total medical costs may be slightly higher. In 
addition, we acknowledge that compliance is a continuum 
and that an estimate of the MPR over a 2-year period does 
not account for intrapatient fluctuations between MPR cat-
egories within that time.

In general, refill behavior is assumed to be a good surrogate 
measure of medication adherence, especially because mea-
suring actual drug-taking behavior is not necessarily practi-
cal or feasible. The consistency of these findings with other 
published data using similar outcome measurements35 suggests 
that refill behavior may be an adequate surrogate measure. 
Also, as with most claims-based analyses, we were able to 
capture only refill behavior, which does not necessarily reflect 
prescriber intent.

In our analysis, we examined the overall effect of statin use 
in a heterogeneous population that is likely representative of a 
general internal medicine or family medicine practice. We did 
not attempt to quantify differences in compliance patterns be-
tween different agents or to examine the effect of statin dosage 
on overall medical costs, nor did we attempt to link cost sav-
ings with magnitude of LDL-C reduction. Because the magni-
tude of LDL-C reduction is likely affected by choice of agent, 
dosage, and compliance, this could be considered a limitation 
of our study. However, our analysis demonstrates that compli-
ance with statin therapy per se contributes to reduced overall 
healthcare resource utilization regardless of statin used or sta-
tin dosage. Without a placebo comparator, it is impossible to 
determine how much of this can be attributed to the “healthy 
adherer” effect, whereby compliance with drug therapy is as-
sociated with an overall healthier behavioral profile.36

In conclusion, our study shows that patients who are at 
least 80% compliant with statin therapy during the first 2 
years of use have fewer hospitalizations and incur lower total 
medical costs during the third year compared with patients 
who are less compliant. These data reinforce the clinical and 
economic efficacy of these agents for CV risk reduction, with 
benefits accruing within the early years of use. The data also 
suggest that improving compliance among new statin users, 

who are less likely to be compliant,23 may reduce healthcare 
utilization. The implication from our analysis that the great-
est potential benefit in reducing healthcare utilization can 
be gained by focusing compliance efforts on patients who are 
60% to 79% compliant warrants further study. However, it is 
essential that physicians reinforce the importance of adher-
ence in all patients taking lipid-lowering medication.

Acknowledgment
We thank Catherine Rees of PHOCUS, Inc, for assistance with develop-

ment of the manuscript. 
Author Affiliations: From Medco Health Solutions, Inc (REA, JY, FX, 

SBG), Franklin Lakes, NJ.
Funding Source: This study was funded by Medco Health Solutions, Inc.
Author Disclosures: The authors (REA, JY, FX, SBG) are employees of 

Medco Health Solutions, Inc, the company that funded this study, but report 
no other relationship or financial interest with any entity that would pose a 
conflict of interest with the subject matter of this article.

Authorship Information: Concept and design (REA, JY, FX, SBG); acqui-
sition of data (JY, FX); analysis and interpretation of data (REA, JY, FX, SBG); 
drafting of the manuscript (REA, SBG); critical revision of the manuscript for 
important intellectual content (REA, JY, FX, SBG); statistical analysis (REA, 
JY, FX, SBG); obtaining funding (JY); administrative, technical, or logistic 
support (REA, FX, SBG); and supervision (REA, SBG).

Address correspondence to: Ronald E. Aubert, PhD, MSPH, Medco 
Health Solutions, Inc, 100 Parsons Pond Dr, Franklin Lakes, NJ 07417. E-mail: 
ronald_aubert@medco.com.

References
1. American Heart Association. Heart Disease and Stroke Statistics: 
2008 Update. Dallas, TX: American Heart Association; 2008.
2. Law MR, Wald NJ, Rudnicka AR. Quantifying effect of statins on low 
density lipoprotein cholesterol, ischaemic heart disease, and stroke: 
systematic review and meta-analysis. BMJ. 2003;326(7404):e1423.
3. Baigent C, Keech A, Kearney PM, et al; Cholesterol Treatment Trial-
ists’ (CTT) Collaborators. Efficacy and safety of cholesterol-lowering 
treatment: prospective meta-analysis of data from 90,056 participants 
in 14 randomised trials of statins [published corrections appear 
in Lancet. 2008;371(9630):2084 and 2005;366(9494):1358]. Lancet. 
2005;366(9493):1267-1278.
4. Ross SD, Allen IE, Connelly JE, et al. Clinical outcomes in statin 
treatment trials: a meta-analysis. Arch Intern Med. 1999;159(15):1793-
1802.
5. Ward S, Lloyd Jones M, Pandor A, et al. A systematic review and 
economic evaluation of statins for the prevention of coronary events. 
Health Technol Assess. 2007;11(14):1-160, iii-iv.
6. West of Scotland Coronary Prevention Study Group. Compliance 
and adverse event withdrawal: their impact on the West of Scotland 
Coronary Prevention Study. Eur Heart J. 1997;18(11):1718-1724.
7. Düsing R, Lottermoser K, Mengden T. Compliance with drug 
therapy: new answers to an old question. Nephrol Dial Transplant. 
2001;16(7):1317-1321.
8. Andrade SE, Walker AM, Gottlieb LK, et al. Discontinuation of anti-
hyperlipidemic drugs: do rates reported in clinical trials reflect rates in 
primary care settings? N Engl J Med. 1995;332(17):1125-1131.
9. Frolkis JP, Pearce GL, Nambi V, Minor S, Sprecher DL. Statins do not 
meet expectations for lowering low-density lipoprotein cholesterol 
levels when used in clinical practice. Am J Med. 2002;113(8):625-629.
10. Zhang Q, Safford M, Miller D, et al. Short-term statin exposure is 
associated with reduced all-cause mortality in persons with diabetes. 
Med Care. 2007;45(4):308-314.
11. Cramer JA, Benedict A, Muszbek N, Keskinaslan A, Khan ZM. 
The significance of compliance and persistence in the treatment of 
diabetes, hypertension and dyslipidaemia: a review. Int J Clin Pract. 
2008;62(1):76-87.

12. Hudson M, Rahme E, Richard H, Pilote L. Comparison of measures 



466	 n  www.ajmc.com  n	 june 2010

n  REVIEW ARTICLE  n

of medication persistency using a prescription drug database. Am 
Heart J. 2007;153(1):59-65.
13. Mosorin M, Niemelä E, Heikkinen J, et al. The use of statins and 
fate of small abdominal aortic aneurysms. Interact Cardiovasc Thorac 
Surg. 2008;7(4):578-581.
14. Pitt B, Waters D, Brown WV, et al; Atorvastatin versus Revascular-
ization Treatment Investigators. Aggressive lipid-lowering therapy 
compared with angioplasty in stable coronary artery disease. N Engl J 
Med. 1999;341(2):70-76.
15. Sever PS, Dahlof B, Poulter NR, et al. Prevention of coronary and 
stroke events with atorvastatin in hypertensive patients who have 
average or lower-than-average cholesterol concentrations, in the 
Anglo-Scandinavian Cardiac Outcomes Trial–Lipid Lowering Arm 
(ASCOT-LLA): a multicentre randomised controlled trial. Lancet. 
2003;361(9364):1149-1158.
16. Cronenwett JL, Likosky DS, Russell MT, Eldrup-Jorgensen J, Stan-
ley AC, Nolan BW; VSGNNE. A regional registry for quality assurance 
and improvement: the Vascular Study Group of Northern New England 
(VSGNNE). J Vasc Surg. 2007;46(6):1093-1102.
17. Kennedy J, Quan H, Buchan AM, Ghali WA, Feasby TE. Statins are 
associated with better outcomes after carotid endarterectomy in symp-
tomatic patients. Stroke. 2005;36(10):2072-2076.
18. Leurs LJ, Visser P, Laheij RJ, Buth J, Harris PL, Blankensteijn JD. 
Statin use is associated with reduced all-cause mortality after endo-
vascular abdominal aortic aneurysm repair. Vascular. 2006;14(1):1-8.
19. Schanzer A, Hevelone N, Owens CD, Beckman JA, Belkin M, Conte 
MS. Statins are independently associated with reduced mortality in 
patients undergoing infrainguinal bypass graft surgery for critical limb 
ischemia. J Vasc Surg. 2008;47(4):774-781.
20. Goldman DP, Joyce GF, Karaca-Mandic P. Varying pharmacy ben-
efits with clinical status: the case of cholesterol-lowering therapy. Am 
J Manag Care. 2006;12(1):21-28.
21. Mann DM, Allegrante JP, Natarajan S, Halm EA, Charlson M. Predic-
tors of adherence to statins for primary prevention. Cardiovasc Drugs 
Ther. 2007;21(4):311-316.
22. Ho PM, Magid DJ, Shetterly SM, et al. Medication nonadherence 
is associated with a broad range of adverse outcomes in patients with 
coronary artery disease. Am Heart J. 2008;155(4):772-779.
23. Kopjar B, Sales AE, Piñeros SL, Sun H, Li YF, Hedeen AN. Adher-
ence with statin therapy in secondary prevention of coronary heart 
disease in Veterans Administration male population. Am J Cardiol. 
2003;92(9):1106-1108.
24. Hess LM, Raebel MA, Conner DA, Malone DC. Measurement of 
adherence in pharmacy administrative databases: a proposal for 

standard definitions and preferred measures. Ann Pharmacother. 
2006;40(7-8):1280-1288.

25. Schedlbauer A, Schroeder K, Peters TJ, Fahey T. Interventions to 
improve adherence to lipid lowering medication [update in Cochrane 
Database Syst Rev. 2010;3:CD004371]. Cochrane Database Syst Rev. 
2004;(4):CD004371.

26. van Dulmen S, Sluijs E, van Dijk L, de Ridder D, Heerdink R, Bens-
ing J; International Expert Forum on Patient Adherence. Furthering 
patient adherence: a position paper of the International Expert Forum 
on Patient Adherence based on an Internet forum discussion. BMC 
Health Serv Res. 2008;8:e47.

27. Stagnitti MN. The Top Five Therapeutic Classes of Outpatient Pre-
scription Drugs Ranked by Total Expenses for Adults Age 18 and Over 
in the U.S. Civilian Noninstitutionalized Population, 2003. Rockville, 
MD: Agency for Healthcare Research and Quality; January 2006.

28. Gibson TB, Mark TL, Axelsen K, Baser O, Rublee DA, McGuigan KA. 
Impact of statin copayments on adherence and medical care utilization 
and expenditures. Am J Manag Care. 2006;12(spec No.):SP11-SP19.

29. Schneeweiss S, Patrick AR, Maclure M, Dormuth CR, Glynn RJ. 
Adherence to statin therapy under drug cost sharing in patients with 
and without acute myocardial infarction: a population-based natural 
experiment. Circulation. 2007;115(16):2128-2135.

30. Ye X, Gross CR, Schommer J, Cline R, St Peter WL. Association 
between copayment and adherence to statin treatment initiated after 
coronary heart disease hospitalization: a longitudinal, retrospective, 
cohort study. Clin Ther. 2007;29(12):2748-2757.

31. Osterberg L, Blaschke T. Adherence to medication. N Engl J Med. 
2005;353(5):487-497.

32. Haupt D, Krigsman K, Nilsson JL. Medication persistence among 
patients with asthma/COPD drugs. Pharm World Sci. 2008;30(5):509-
514.

33. Sunyecz JA, Mucha L, Baser O, Barr CE, Amonkar MM. Impact of 
compliance and persistence with bisphosphonate therapy on health 
care costs and utilization. Osteoporos Int. 2008;19(10):1421-1429.

34. Yu YF, Nichol MB, Yu AP, Ahn J. Persistence and adherence of  
medications for chronic overactive bladder/urinary incontinence in  
the California Medicaid program. Value Health. 2005;8(4):495-505.

35. Steiner JF, Prochazka AV. The assessment of refill compliance  
using pharmacy records: methods, validity, and applications. J Clin 
Epidemiol. 1997;50(1):105-116.

36. Chewning B. The healthy adherer and the placebo effect. BMJ. 
2006;333(7557):18-19.  n


