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Background: The recent cholesterol guideline recommends high-intensity statins in cardiovascular disease
(CVD) patients. High-intensity statins are associated with more frequent side effects. Therefore, it may be of
concern that these recommendations might reduce statin adherence.
Hypothesis: High-intensity statins are associated with lower adherence compared with low- to moderate-
intensity statins.
Methods: In a national database of 972 532 CVD patients from the Veterans Health Administration, we
identified patients receiving statins between October 1, 2010, and September 30, 2011. We assessed statin
adherence by calculating proportion of days covered (PDC) and determined whether high-intensity statin
therapy was independently associated with a lower PDC.
Results: Statins were prescribed in 629 005 (64.7%). Of those, 229 437 (36.5%) received high-intensity
statins. Mean PDC (0.87 vs 0.86, P < 0.0001) and patients with PDC ≥0.80 (76.3% vs 74.2%, P < 0.0001) were
slightly higher for those receiving low- to moderate-intensity compared with high-intensity statins. In adjusted
analyses, high-intensity statin use was associated with a significant but modest PDC reduction compared with
low- to moderate-intensity statin use, whether PDC was assessed as a continuous (β-coefficient: −0.008, P
< 0.0001) or categorical (PDC ≥0.80 [odds ratio: 0.94, 95% confidence interval: 0.93-0.96]) measure of statin
adherence.
Conclusions: An approach of high-intensity statin therapy will lead to a significant practice change, as the
majority of CVD patients are not on high-intensity therapy. However, this change may be associated with a
very modest reduction in statin adherence compared with low- to moderate-intensity therapy that is unlikely
to be of clinical significance.
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Introduction

The 2013 American College of Cardiology (ACC)/American
Heart Association (AHA) guideline on treatment of blood
cholesterol recommends high-intensity statin use in most
patients with cardiovascular disease (CVD).1 This is based
on studies showing that statin therapy,2–4 and more
important, high-intensity statin therapy,5–7 is associated
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with an improvement in cardiovascular outcomes compared
with low-intensity statin therapy.

Although a number of studies have compared high-
intensity statins with low- or moderate-intensity statins,5–7

most have focused on evaluating the effectiveness of these
therapies in reducing CVD events and improving prognosis.
Evaluation of safety data indicates that high-intensity statin
therapy is also accompanied by increased side effects and
adverse events, posing a risk to adherence in CVD patients
treated with high-intensity statins. Although it is possible
that a higher risk of side effects from high-intensity statin
therapy could affect medication adherence compared with
low-intensity statin therapy, this issue has not been well
explored in the literature. This has implications as health
care providers adopt the recent cholesterol guideline1 into
clinical practice.

Therefore, using data from a national cohort of patients
with CVD, we aimed to determine whether the use of
high-intensity statin therapy is associated with a lower
adherence to statin medications compared with low- to
moderate-intensity statin therapy.

Methods
Cohort Development and Study Population

Using the Department of Veterans Affairs (VA) adminis-
trative data sources, we identified CVD (coronary heart
disease [CHD], peripheral artery disease [PAD], ischemic
stroke) patients with primary-care clinic visits in the VA
health care system between October 1, 2010, and Septem-
ber 30, 2011. These patients received primary care in 130 VA
health care system facilities or their associated community-
based outpatient clinics. We identified patients as having
CHD by using International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) diagnoses and
procedure codes for unstable angina or myocardial infarc-
tion (MI), or current procedural terminology (CPT) codes
for percutaneous coronary intervention or coronary artery
bypass grafting (see Supporting Table 1 in the online ver-
sion of this article). We included patients with ≥2 outpatient
diagnosis codes or 1 inpatient diagnosis code for unstable
angina, or 1 code for MI, percutaneous coronary interven-
tion, or coronary artery bypass grafting.8 We also used
ICD-9-CM diagnosis codes (see Supporting Table 1 in the
online version of this article) to identify patients with PAD.
We excluded patients with metastatic cancers and those
receiving hospice care, as these patients are typically not
considered candidates for quality measurement (Figure 1).9

Using VA administrative pharmacy data sources, we iden-
tified patients who received any statin prescription within
100 days prior to or 14 days following their most recent
primary-care visit during the study interval. The statins
studied included atorvastatin, fluvastatin, lovastatin, pravas-
tatin, rosuvastatin, simvastatin, or pitavastatin. Among those
receiving statin, we further subdivided the cohort into
those receiving low- to moderate-intensity therapy and those
receiving high-intensity therapy, based on their most recent
statin fill. The definition of high-intensity statin therapy
was derived based on the recent ACC/AHA cholesterol
guidelines1 as daily statin intensity associated with approx-
imately ≥50% low-density lipoprotein cholesterol (LDL-C)

reduction (atorvastatin dose of 40–80 mg/d, rosuvastatin
20–40 mg/d, or simvastatin >40 mg/d).

We assessed statin adherence in each CVD patient
receiving statin therapy by calculating the proportion of
days covered (PDC), a well-studied measure of a patient’s
adherence to medications.10–15 The PDC for statins for each
CVD patient was defined as the total number of days supplied
for each statin fill (eg, 30, 60, 90) divided by the observation
time interval from their most recent primary-care visit in
the study interval. The observational time interval started
on the day of the first dispensed prescription in 365 days
prior to the index primary-care visit for a patient started on a
statin medication or the farthest prescription within 365 days
from the index primary-care visit for a patient already on a
statin. Proportion of days covered was calculated as both a
continuous outcome and as a dichotomous outcome, with
patients having a statin PDC ≥0.80 classified as adherent
and those with statin PDC <0.80 classified as nonadherent.
These thresholds are consistent with prior literature.11,12,15

Using the VA administrative datasets, we assessed several
patient characteristics, including age, race, and history of
diabetes mellitus (DM) or hypertension (see Supporting
Table 1 for codes). To assess the impact of a patient’s
illness burden on statin adherence, we calculated a mean
Diagnostic Cost Group (DCG) relative risk score (RRS) for
each CVD patient. The DCG RRS is a ratio of predicted
to the mean cost and has been used as a measure of
illness burden.16–20 For example, a patient with an RRS of
2 is expected to be twice as costly, with an illness burden
twice as high as an ‘‘average’’ patient. We also assessed
several facility, provider, and system-of-care characteristics.
These included whether the facility was a teaching facility,
the type of provider (physician or nonphysician primary-
care provider, such as a nurse practitioner [NP] or a
physician assistant [PA]), and the number of primary-care
visits received by a CVD patient in the 12 months prior to
their most recent primary-care visit.

Outcomes and Analyses

We first compared patient, facility, provider, and system-
of-care characteristics between patients receiving high-
intensity and low- to moderate-intensity statin therapy. We
then compared statin adherence (mean PDC and proportion
of patients with PDC ≥0.80) between the 2 groups using the
t test and χ2 test, respectively.

Our outcome was statin adherence. We performed multi-
variate hierarchical regression to determine whether receipt
of high-intensity statin therapy was independently associ-
ated with lower PDC. Two sets of analyses were conducted.
We first performed hierarchical linear regression using
PDC as a continuous variable (scaled to a 5% PDC change).
β-Coefficients for these models including high-intensity
statin therapy (adjusting for covariates described below)
were calculated. These β-coefficients can be interpreted as
unit change in PDC associated with high-intensity statin
therapy adjusting for covariates. We then performed mul-
tivariate hierarchical logistic regression to determine the
association between high-intensity statin use and PDC
≥0.80. For both analyses, covariates used for adjustment
included patient characteristics (age, race, sex, history of
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Table 1. Comparison of Baseline Characteristics Among CVD Patients on High-Intensity and Low- to Moderate-Intensity Statin Therapy

Characteristic

High-Intensity
Statin Therapy,

n = 229 437

Low- to Moderate-Intensity
Statin Therapy,

n = 399 568 P Value

Age, y, mean/SD 68.8/9.7 72/10.5 <0.0001

Female sex, n (%) 2828 (1.23) 4868 (1.22) 0.60

Race, n (%)

White 196 006 (85.4) 348 733 (87.3)

Black 20 833 (9.1) 32 051 (8.0)

Other 3944 (1.7) 6610 (1.6)

Unknown 8654 (3.8) 12 174 (3.1) <0.0001

DM, n (%) 110 405 (48.1) 399 568 (63.5) <0.0001

Hypertension, n (%) 191 636 (83.5) 331 630 (83) <0.0001

History of CHD, n (%)a 220 562 (96.1) 377 380 (94.4) <0.0001

History of MI, n (%) 104 843 (45.7) 172 050 (43.1) <0.0001

History of PAD only, n (%) 8875 (3.9) 22 188 (5.5) <0.0001

Diagnostic Cost Group RRS, mean/SD 1.77/2.52 1.94/2.85 <0.0001

Receiving primary care from a physician provider, n (%)b 173 851 (78) 300 610 (77.5) <0.0001

Receiving care at a teaching facility 96 939 (42.3) 166 728 (41.7) <0.0001

Number of primary-care visits in prior 12 months, mean/SD 4.89/4 4.86/4 0.006

Receiving nonstatin lipid-lowering medication(s), n (%)c 36 434 (15.9) 44 037 (11) <0.0001

Abbreviations: CHD, coronary heart disease; CVD, cardiovascular disease; DM, diabetes mellitus; MI, myocardial infarction; PAD, peripheral artery
disease; RRS, relative risk score; SD, standard deviation.
aHistory of CHD with or without PAD. bPercentage calculated from among those with available data. cNonstatin lipid-lowering medications include bile
acid sequestrants, ezetimibe, niacin therapy, fish oil, or fibrate use.

DM or hypertension, DCG RRS, history of CHD vs PAD),
facility and provider characteristics (receipt of care at a
teaching or nonteaching facility, from a physician or non-
physician [NP or PA]), and system-of-care characteristics
(number of primary-care visits in 12 months prior to the
index visit). Because the random variance in care could
differ secondary to clustering of patients between facilities,
we also adjusted for clustering of patients at the facility level
in our regression models using generalized linear latent and
mixed models (GLLAMM) in STATA.

As the recent ACC/AHA guideline allows the use of
moderate-intensity statin therapy in CVD patients unable to
tolerate high-intensity statin therapy,1 we also performed
exploratory analyses comparing statin adherence among
patients receiving low-intensity statin therapy vs those
receiving moderate- to high-intensity statin therapy. Low-
intensity statin therapy was defined as per the ACC/AHA
cholesterol management guideline1 as the daily dose of
statin that would lower LDL-C on average by <30%.

We conducted the analyses with SAS version 9.1.3 (SAS
Institute Inc., Cary, NC) and STATA version 11 (StataCorp,
College Station, TX). The protocol was approved by the
institutional review boards at Baylor College of Medicine
and the Michael E. DeBakey VA Medical Center.

Results
The flowchart of the study population is shown in the
Figure 1. From the initial 983 476 CVD patients, we excluded
10 941 (1.1%) patients due to documented metastatic cancer
or receipt of hospice care. Among those remaining, 343 527
(35.3%) were not receiving a statin and 629 005 patients
(64.7% of eligible) were receiving a statin. Of these
629 005 CVD patients, 399 568 (63.5%) were receiving low-
to moderate-intensity statins and 229 437 (36.5%) were
receiving high-intensity statins. Of the total CVD population
of 972 532 after exclusions, only 23.6% were receiving
high-intensity statin therapy.

A comparison of the baseline characteristics of patients
receiving high-intensity and low- to moderate-intensity
statin therapy is shown in Table 1. The CVD patients
receiving high-intensity statins were younger, more likely
to have hypertension and CHD, more likely to have prior
history of MI, more likely to receive primary care from a
physician provider (as opposed to NPs or PAs), and more
likely to receive care at a teaching facility and to receive
nonstatin lipid-lowering medications compared with those
on low- to moderate-intensity statins. Patients receiving
high-intensity statins were less likely to be white, had a
lower prevalence of DM and PAD, and had a lower illness
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Figure 1. Flowchart of the study cohort identification and exclusion. *Total adds up to >10 941 as some patients met >1 exclusion criteria. Abbreviations:
CHD, coronary heart disease; CVD, cardiovascular disease; PAD, peripheral artery disease.

burden compared with patients on low- to moderate-dose
statins.

Table 2 describes the mean PDC and percentage of
patients with PDC ≥0.80 among the low- to moderate-
and high-intensity statin therapy groups. Mean PDC
was statistically significantly higher among CVD patients
receiving low- to moderate-intensity statins (0.87) compared
with those receiving high-intensity statins (0.86, P < 0.0001);
however, the differences were numerically small. The
percentage of CVD patients with PDC ≥0.80 was also
slightly higher among those receiving low- to moderate-
intensity statins (76.3%) compared with those receiving
high-intensity statins (74.2%, P < 0.0001). Results remained
consistent after excluding patients on 80 mg of simvastatin
(see Supporting Table 2 in the online version of this article).
In the overall cohort (irrespective of the statin dose), 154 187
CVD patients (24.5%) had PDC >0.80. Nonadherent patients
(see Supporting Table 3 in the online version of this article)
were younger, more likely to be female or black, and were
more likely to have PAD only (vs CHD). Nonadherent
patients also had a higher overall illness burden compared
with adherent patients and higher LDL-C and non–high-
density lipoprotein cholesterol levels.

In adjusted analyses (Table 3), high-intensity statin
therapy was associated with a significant but modest
reduction in PDC compared with low- to moderate-
intensity statin therapy (β-coefficient: −0.008, P < 0.0001).
Similarly, high-intensity statin therapy was associated with
a significant but modest 6% lower likelihood of PDC ≥0.80
compared with low- to moderate-intensity statin therapy
(odds ratio: 0.94, 95% confidence interval: 0.93-0.96).

In exploratory analyses, we compared mean PDC and
proportion of CVD patients with PDC ≥0.80 among those
receiving low-intensity statin therapy vs moderate- to high-
intensity statin therapy (see Supporting Table 4 in the online
version of this article). Mean PDC (0.82 vs 0.87 for the low-
intensity vs moderate- to high-intensity statins, respectively,
P < 0.0001) and the proportion of CVD patients with PDC
≥0.80 (68.5% vs 75.7% for the low-intensity vs moderate- to
high-intensity statins, respectively, P < 0.0001) were higher
for the moderate- to high-intensity group compared with
the low-intensity group. We also performed exploratory
analyses (see Supporting Table 5 in the online version of
this article) comparing low-, moderate-, and high-intensity
statin therapy. The results of these analyses were consistent
with the main analyses and did not show a lower adherence
for the moderate- or high-intensity statin therapy compared
with low-intensity statin therapy. In fact, the adherence to
statin therapy was lowest for CVD patients on low-intensity
statin therapy. Results remained consistent when analyses
were performed after excluding patients age >75 years
(see Supporting Table 6 in the online version of this
article).

Discussion
Our results indicate that although high-intensity statin
therapy was associated with a statistically significant lower
adherence whether continuous PDC or categorical PDC
≥0.80 was used as a measure of statin adherence, these
differences were numerically modest in the adjusted models
and unlikely to be clinically significant. Importantly, almost
one-quarter (24.5%) of the patients were not adherent to

656 Clin. Cardiol. 37, 11, 653–659 (2014)
S. Virani et al. Statin therapy intensity and adherence
Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22343 © 2014 Wiley Periodicals, Inc.



Table 2. Comparison of Statin Adherence Between CVD Patients Receiving High-Intensity and Low- to Moderate-Intensity Statin Therapy

Statin Adherence
High-Intensity Statin Therapy,

n = 229 435a
Low- to Moderate-Intensity Statin Therapy,

n = 399 563a P Value

PDC, mean (SD) 0.86 (0.18) 0.87 (0.18) <0.0001

Patients with PDC ≥0.80, n (%) 170 150 (74.2) 304 661 (76.3) <0.0001

Abbreviations: CVD, cardiovascular disease; PDC, proportion of days covered; SD, standard deviation.
aNumber of patients with available PDC for statins in each of the groups. PDC is missing for 2 patients in the high-intensity therapy group and 5 patients
in the low- to moderate-intensity therapy group.

Table 3. Association Between Receipt of High-Intensity Statin Therapy and Proportion of Days Covered After Multivariate Regression Analyses

Outcome(s)
Unadjusted β-Coefficient

(P Value)a
Model 1 β-Coefficient

(P Value)a
Model 2 β-Coefficient

(P Value)a

PDC as a continuous measure (low-moderate intensity
as referent category)b

−0.02 (<0.0001) −0.008 (<0.0001) −0.008 (<0.0001)

Unadjusted OR (95% CI)c Model 1 OR (95% CI)c Model 2 OR (95% CI)c

PDC ≥0.8 (low-moderate intensity as referent category) 0.89 (0.88-0.91) 0.95 (0.93-0.96) 0.94 (0.93-0.96)

Abbreviations: CHD, coronary heart disease; CI, confidence interval; DM, diabetes mellitus; OR, odds ratio; PAD, peripheral artery disease; PDC, proportion
of days covered; RRS, relative risk score.
Model 1: Adjusted for age, race (white vs others), sex, history of DM, hypertension, Diagnostic Cost Group RRS (marker of a patient’s illness burden).
Model 2: Model 1 plus provider type (physicians vs nonphysician providers [ie, nurse practitioners or physician assistants]), teaching vs nonteaching
facility, number of primary-care visits in the prior 12 months, history of CHD vs PAD.
aβ-Coefficient can be defined as the unit change in PDC associated with high-intensity statin therapy compared with low- to moderate-intensity statin
therapy adjusting for covariates of interest. bPDC modeled as per-5% change. cOR for PDC ≥0.80 associated with high-dose statin therapy (low-moderate
dose used as the referent category) adjusting for covariates of interest.

their statin therapy (PDC <0.80), irrespective of the dose of
the statin that they were prescribed.

Prior studies comparing low- to moderate-intensity vs
high-intensity statins have shown that the use of high-
intensity statins has been associated with higher rates
of statin discontinuation. The IDEAL Study (High-Dose
Atorvastatin vs Usual-Dose Simvastatin for Secondary
Prevention After Myocardial Infarction)6 compared the
effects of high-intensity atorvastatin (80 mg/d) and low-
to moderate-dose simvastatin (20 mg/d) on the occurrence
of major coronary events. Results indicated that patients in
the atorvastatin group had significantly higher rates of drug
discontinuation due to nonserious adverse events compared
with patients in the simvastatin group (9.6% vs 4.2%,
respectively, P < 0.001). Furthermore, 14% of patients in the
atorvastatin group and 7% of patients in the simvastatin group
permanently discontinued medication by the end of the
study. The Treating to New Targets (TNT) study7 showed
significantly higher rates of adverse events in the patients
receiving 80 mg of atorvastatin, compared with those
receiving 10 mg of atorvastatin (8.1% vs 5.8%, respectively,
P < 0.001). The respective rates of discontinuation due
to treatment-related adverse events were 7.2% and 5.3%,
respectively (P < 0.001). Based on these studies, it is
conceivable that among CVD patients who receive high-
intensity vs low- to moderate-intensity statins, the adherence
to statins could be lower. Our results indicate that although
this might be the case, the reduction in statin adherence for
high-intensity compared with low- to moderate-dose statin
therapy is very modest and likely not clinically significant.

Our results are reassuring given the emphasis put on the
use of high-intensity statin therapy in CVD patients in the

recently released 2013 ACC/AHA cholesterol management
guideline. Although our results cannot account for initial
discontinuation of statin therapy when CVD patients are
put on low- to moderate-intensity or high-intensity statins,
these results should provide reassurance to the providers
that the long-term adherence to statins is minimally affected
by prescribing high-intensity statins among patients with
established atherosclerosis, a group shown to derive the
most benefit from statin therapy.21,22 The minor differences
in statin adherence between the high-intensity and low-
to moderate-intensity groups are a reflection of the large
sample size of our study population. Therefore, differences
in statin adherence, although statistically significant, are
likely not clinically meaningful.

Our results also show that implementation of these
guidelines will require a substantial change in practice
patterns, as only 23.6% of patients with CVD were on high-
intensity statins. In addition, close to 35% of the patients were
not receiving statins. These results indicate a substantial gap
in clinical practice and identify a need to align practice with
clinical guidelines.

The ACC/AHA guidelines on cholesterol management1

indicate that a moderate-dose statin therapy can be used if
a CVD patient is not able to tolerate high-intensity statin
therapy due to side effects. Our results (see Supporting
Table 4 in the online version of this article) indicate that
when this tailored approach of prescribing moderate- to
high-intensity statin therapy is followed, adherence is indeed
improved compared with low-intensity statin therapy. On
the other hand, our results showing that the adherence to
low-intensity statin therapy was lower compared with
moderate- and high-intensity statin therapy could indicate
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that, in CVD patients who are nonadherent to their
medication regimen, the providers might be trying a low-
intensity statin approach to ensure that patients are on at
least some statin therapy.

Our results indicate that almost one-quarter of patients
with CVD are not adherent to statin therapy (PDC <0.80),
irrespective of the dose of statin used. These results are
consistent with prior studies16,23,24 and indicate a need to
target specific reasons leading to medication nonadherence
in this high-risk secondary-prevention population.

Our study has several limitations that should be kept
in mind when interpreting these results. Given the
observational nature of our analyses, residual confounding
cannot be completely excluded. However, the fact that
these data were obtained outside of the clinical-trial setting
greatly enhances generalizability to routine practice. We did
not have data on patients’ level of physical activity, which
could also alter their propensity to develop musculoskeletal
side effects from various statin doses, which in turn could
possibly affect statin adherence. These results indicate
experience from the VA health care system, with a
predominantly male population, and therefore the findings
may not be generalizable to other health care settings,
especially given that the side-effect profile and, therefore,
adherence to statin therapy, could vary by sex. On the other
hand, our analyses included 7696 females. In addition, the
frequency and the dynamics of primary care for CVD could
be different outside the VA health care system, limiting the
generalizability of our findings. Lastly, our analyses did not
account for medication affordability or copay, which could
affect adherence23; although, given the relatively universal
health care coverage afforded to veterans receiving care
in the VA health care system, this may not be a major
determinant of adherence in the VA health care system.

Conclusion
An approach of high-intensity statin therapy use in
patients with established CVD, as suggested by the
recent ACC/AHA cholesterol management guidelines,1 is
associated with a significant but very modest reduction
in statin adherence. Almost one-quarter of patients with
established CVD are nonadherent to their statin therapy,
irrespective of the dose of statin used. Future quality-
improvement initiatives should target these CVD patients.
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