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Guideline implementation requires clinician knowledge but may be influenced by pre-
existing beliefs and biases. We assessed the association of these clinician factors with lipid
management following the release of the 2013 American College of Cardiology/American
Heart Association cholesterol guidelines. In the PALM registry, 774 clinicians completed
a survey to assess their knowledge of the 2013 American College of Cardiology/American
Heart Association guidelines, belief in statin benefit, and statin safety concerns. The asso-
ciation of these factors with statin use, statin dosing, and low-density lipoprotein choles-
terol (LDL-C) levels were assessed in the 6,839 patients treated by these clinicians
between May and November 2015. Overall, 63.9% of clinicians responded to at least 3 out
of 4 hypothetical scenarios in concordance with guideline recommendations (good tested
knowledge), 88.4% reported belief in statin benefit, and 15.4% raised concerns about
statin safety. Belief in statin benefit was more prevalent among cardiologists, who repre-
sented 48.8% of the clinicians surveyed, and concerns regarding statin safety were higher
among noncardiologists and clinicians in an academic setting. Guideline knowledge was
not associated with a difference in statin use (74.1% vs 73.8%, p = 0.84) and achievement
of LDL-C level <100 mg/dl (54.7% vs 52.4%, p = 0.07). However, patients treated by clini-
cians who reported belief in statin benefit were more likely to receive guideline-recom-
mended statin intensity (41.9% vs 36.9%, p = 0.03), whereas patients treated by clinicians
expressing statin safety concerns were less likely receive statins of at least guideline-recom-
mended intensity (36.8% vs 42.5%, p = 0.001) and to achieve an LDL-C <100 mg/dl
(44.1% vs 56.1%, p <0.001); the latter persisted after multivariable adjustment (odds ratio
0.75, 95% confidence interval 0.63 to 0.89). In conclusion, clinician beliefs regarding bene-
fits and risks of statins were significantly associated with guideline adherence and patients’
achieved LDL-C levels, whereas clinician knowledge of guideline recommendations was
not. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;123:1011−1018)
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The treatment of hyperlipidemia with low-density lipopro-
tein cholesterol (LDL-C)-lowering therapy is an important
part of primary and secondary prevention of atherosclerotic
cardiovascular disease (ASCVD). Numerous studies have
shown an improvement in patient outcomes and a mortality
reduction associated with LDL-C-lowering therapy.1−10 The
extent to which clinician knowledge and beliefs regarding
statin therapy is associated with their treatment practices
and degree of guideline adherence is unknown. The Patient
and Provider Assessment of Lipid Management (PALM)
Registry was designed to evaluate lipid management practi-
ces after the release of the 2013 American College of Cardi-
ology/American Heart Association (ACC/AHA) cholesterol
guideline in a large cohort of cardiology, endocrinology,
and primary care outpatient clinics in the United States.11

In this study, we examine clinician knowledge and per-
ceived benefits and risks of statin therapy as well as their
association with guideline adherence and lipid management
of enrolled PALM patients.
Methods

The PALM registry involved 153 outpatient cardiology,
endocrinology, and primary care practices across the United
States. Detailed rationale, design, inclusion, and exclusion
details for the PALM registry have been previously pub-
lished.12 Sites were selected to be geographically represen-
tative, with a mix of urban and rural, and teaching and
nonteaching practices. After institutional review board
approval, clinicians able to prescribe lipid-lowering therapy
at participating sites completed a web-based clinician sur-
vey. Sites were required to have >80% of participating
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clinicians with a completed survey before site activation for
patient enrollment.

From May 27, 2015 to November 12, 2015, PALM
enrolled 7,904 patients with atherosclerotic vascular dis-
ease, current statin therapy use, LDL-C ≥130 mg/dl, diabe-
tes, chronic kidney disease, or 10-year atherosclerotic
cardiovascular disease risk ≥7.5%. All participants pro-
vided informed consent to participate. On the day of enroll-
ment, each participant underwent phlebotomy for core lab
lipid measurement. Chart abstractions assessed current
lipid-lowering therapy use and dosing. This analysis
includes all physicians and advanced practice providers
with a completed survey, resulting in 774 clinicians.
Patients evaluated by these clinicians and who had com-
plete lab data were included for analysis of patient-level
data, leading to a final patient population of 6,839 patients.
In these patients, 5,312 met a guideline indication for pri-
mary or secondary prevention statin therapy and were
included in analyses evaluating the use of statin therapy
and guideline-directed statin dosing.

Clinician surveys included questions regarding clini-
cian and practice characteristics. We used 4 hypothetical
patient scenarios to assess clinician knowledge of the
2013 ACC/AHA guidelines. Scenarios included asymptom-
atic primary prevention patients with: (1) high (≥7.5%)
ASCVD risk and high LDL-C (≥130 mg/dl); 2) diabetes;
(3) low (<7.5%) ASCVD risk and high LDL-C (130-189
mg/dl); and (4) high (≥7.5%) ASCVD risk and low LDL-C
(<130 mg/dl). Detailed descriptions of each scenario are
shown in Table 1. For each scenario, clinicians were asked
to choose the likelihood of prescribing statin treatment;
good guideline knowledge was defined as ≥3 of 4 scenarios
answered in accordance with guideline recommendations.

The survey also assessed clinician beliefs in statin bene-
fits and risks by asking clinicians to respond with their level
of agreement on statements, such as “statins are very effec-
tive in reducing risk of heart attack or stroke” or “I worry
that the risks of statin therapy may be under-reported or
underappreciated” (answer choices: strongly disagree, dis-
agree, neutral, agree, strongly agree). Table 2 summarizes
the questions and the scoring used to categorize degree of
belief or concern.

For each enrolled patient, retrospective review of medi-
cal records allowed for collection of detailed sociodemo-
graphic characteristics and medical history. Current and
previous treatment with lipid-lowering therapy was
recorded. For statin medications, dosing intensity was also
Table 1

Percent concordance with ACC/AHA guidelines for each hypothetical scenario

Patient

scenario

Patient

characteristics Co-morbidities

Lipid data

TC, LDL-C,

HDL-C (mg/dl)

10-yea

ASCV

risk

1 54 M Active smoker, HTN 221, 150, 41 17.3%

2 45 F DM, HTN 220, 140, 50 6.1%

3 40 F No co-morbidities 220, 165, 30 4.4%

4 70 F No co-morbidities 180, 110, 40 10.1%

ASCVD= atherosclerotic cardiovascular disease; DM = diabetes; HDL-C = hig

sity lipoprotein cholesterol; M =moderate intensity statin; TC = total cholesterol.

* Among clinicians who responded as being likely or highly likely to recommen
noted. Lipid testing results within the 2 years before enroll-
ment, including the highest LDL-C measured, were col-
lected. On the day of enrollment, all patients underwent
phlebotomy. Core lab lipid panels with analysis of total
cholesterol, direct LDL-C, high-density lipoprotein choles-
terol, and triglyceride levels were completed at LabCorp
(Burlington, North Carolina).

Treatment with guideline-recommended statin dosing
intensity was defined according to the 2013 ACC/AHA
lipid management guidelines.11 Patients with known
ASCVD, LDL-C ≥190 mg/dl, or diabetes with 10-year
ASCVD risk score of ≥7.5% and age 40 to 75 years are rec-
ommended to be treated with high-intensity statin therapy.
Patients without indication for high-intensity statin and age
40 to 75 years with diabetes and 10-year ASCVD risk
<7.5% or without diabetes and 10-year ASCVD risk of
≥7.5% are recommended to be treated with at least moder-
ate-intensity statin therapy. Finally, treatment with at least
moderate-intensity statin therapy was indicated for patients
with clinical ASCVD and age >75 years.

First clinician characteristics such as specialty, board
certification, number of years in practice, and type of
practice were summarized using percentage. Next, we
described overall clinician knowledge of the ACC/AHA
cholesterol guidelines based on summed responses to the
4 hypothetical patient scenarios in the clinician survey
(Table 2). Similarly, clinician belief in statin benefit and
concern regarding statin safety were evaluated based on
summed responses. We then assessed whether clinician
characteristics (specialty, board certification, years in
practice, and type of practice) associated with guideline
knowledge, belief in statin benefit, and concern regarding
statin risk using percentage and compared using the
chi-square test.

We then linked each surveyed clinician to the patients
they treated in PALM. Patient characteristics were pre-
sented using frequency for categorical variables and were
presented as median (25th and 75th percentiles) for contin-
uous variables. The associations between clinician knowl-
edge, beliefs, or concern (explanatory variables) with
patient treatment (response variables) were examined in
multivariable analyses. Treatment outcomes of interest
included (1) statin use, (2) statin dosing at or exceeding
guideline-recommended statin intensity, and (3) achieve-
ment of LDL-C <100 mg/dl, respectively. For each out-
come, we performed multivariable logistic regression
modeling with generalized estimating equations to account
r

D Guideline-recommended

statin use (intensity)

% Clinicians

recommend statin

% Clinicians

recommend high-

intensity statin*

Yes (≥M) 93% 66%

Yes (≥M) 85% 64%

No 40% 44%

Yes (≥M) 38% 52%

h-density lipoprotein cholesterol; HTN = hypertension; LDL-C = low-den-

d a statin.
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Table 2

Scoring of clinician survey responses

Domains Questions Responses % clinicians

Summed

responses

Guideline knowledge Hypothetical patient scenarios Q1 92.9% 63.9%1

Q2 84.6%

Q3 59.8%

Q4 38.1%

Belief in statin benefit Statins are very effective in reducing risk

of heart attack or stroke

Strongly disagree (¡2) 1.3% 88.4%2

Disagree (¡1) 0.9%

Neutral (0) 5.1%

Agree (+1) 46.3%

Strongly agree (+2) 46.4%

Statins prolong life Strongly disagree (¡2) 1.4%

Disagree (¡1) 6.1%

Neutral (0) 23.4%

Agree (+1) 41.5%

Strongly agree (+2) 27.6%

Concern regarding statin safety Statins are extremely safe medications Strongly disagree (+2) 1.0% 15.4%3

Disagree (+1) 8.7%

Neutral (0) 22.1%

Agree (¡1) 50.5%

Strongly agree (¡2) 17.7%

I worry that the risks of statin therapy may

be underreported or underappreciated4
Strongly disagree (¡2) 16.6%

Disagree (¡1) 39.8%

Neutral (0) 26.5%

Agree (+1) 16.2%

Strongly agree (+2) 0.9%

Statins are unnecessary and may be of risk in adults with

already low (<70 mg/dl) LDL-C levels

Strongly disagree (¡2) 7.4%

Disagree (¡1) 37.6%

Neutral (0) 31.2%

Agree (+1) 20.0%

Strongly agree (+2) 3.8%

1) Clinicians who answered 3/4 questions in accordance with guidelines defined as good clinical knowledge.

2) Summed score >0 defined as belief in statin benefit.
3) Summed score >0 defined as concerned regarding statin safety.
4) Scale reversed for scoring to ensure that a positive score corresponds to concern for statin safety.

LDL-C = low-density protein cholesterol.
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for clustering of observations among patients treated by the
same hospital. Each model adjusted for differences in
patient case mix. Variables for adjustment were chosen to
be inclusive of clinically relevant patient characteristics
which could impact statin treatment and LDL-C, including
patient age, gender, race, body mass index, smoking his-
tory, hypertension, diabetes, prior ASCVD, family history
of ASCVD, chronic kidney disease, insurance status, high-
est level of education, annual household income and clini-
cian variables including years in practice, subspecialty, and
teaching versus nonteaching practice. Missing data for
most of the covariates were rare (<2.5%), except for the
patient survey data such as education and income. Educa-
tion was missing at 7.3%. The income variable had 8.8% of
missing, 4.1% answered “I do not know” and 23.8%
answered “I prefer not to answer this question” which were
treated each as missing and we imputed these 36.6% of
patients. Multiple imputation was used and 5 imputed data
sets were generated. The results of how good guideline
knowledge, belief in statin benefit, or concern regarding
statin safety associated with treatment outcomes were
presented as the odds ratio with 95% confidence intervals
which were combined and carried out from the 5 imputed
data sets.

All statistical analyses were performed at the Duke Clin-
ical Research Institute using SAS version 9.4 (Cary, North
Carolina). All p values are 2-sided, and p <0.05 was consid-
ered statistically significant.

This study was supported by Sanofi and Regeneron
Pharmaceuticals. The investigators are solely responsible
for the design and conduct of this study, all study analyses,
the drafting and editing of the paper, and its final contents.
The 2 investigators employed by the sponsor reviewed and
provided comments on drafts and approved of the final
manuscript. No writing service was employed. All data
analyses and manuscript writing and edits were conducted
by nonsponsor investigators.
Results

In 774 clinicians surveyed in the PALM Registry, 48.8%
were cardiologists, 3.1% were endocrinologists, 30.2%



Table 3

Guideline knowledge, belief in statin benefit, and concerns regarding statin risk based on clinician characteristics

Clinician-reported Cardiologists Noncardiologists

Board

certified

Not board

certified

>10 years
in practice

≤10 years
in practice Academic Nonacademic

Guideline knowledge 66.8% 61.3% 63.5% 66.4% 62.6% 66.5% 65.7% 63.5%

p value 0.11 0.58 0.28 0.56

Belief of statin benefit 91.5% 85.5% 89.6% 80.8% 90.8% 83.6% 85.9% 89.4%

p value 0.009 0.009 0.003 0.17

Concern regarding statin safety 10.1% 20.3% 15.1% 17.3% 14.5% 17.2% 20.2% 13.3%

p value <0.001 0.55 0.32 0.02

Guideline knowledge: ≥3/4 scenario questions answered in accordance with guidelines.
Belief of statin benefit: sum score >0.
Concern regarding statin safety: sum score >0.
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were primary care clinicians, and 13.4% were not board
certified. The majority (66.7%) reported practicing
>10 years, with 29.7% overall in teaching practices.

Table 1 shows clinician responses to the 4 hypothetical
patient scenarios aimed at evaluating their knowledge of
the ACC/AHA cholesterol guidelines. The greatest discor-
dance with guidelines was in the scenario of the young
patient with high LDL-C and the older patient with high
ASCVD risk. The majority of clinicians answered at least 3
of the 4 questions in concordance with guideline recom-
mendations (Table 2). Table 2 also shows the clinician
responses to the statements regarding statin benefit and
risks. Most clinicians reported a belief in statin benefit,
while a small number raised concerns about the safety of
statin medications or an under-reporting of statin side
effects.

There was no significant difference in guideline knowl-
edge when clinicians were stratified by specialty, board
74.1
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Figure 1. Statin use and guideline-concordant statin dosing among patients with a

Belief in benefit—reported statins effective in reducing atherosclerotic cardiovasc

Dose—percent of patients with statin dosing at or above guideline-recommended s

Guideline knowledge—answered ≥3 of 4 knowledge questions related to guidelin
Safety concerns—reported worry about statin therapy risks and that statin therapy

Use—percent of patients in which statin is used.
certified status, years in practice, and type of practice
(Table 3). Compared with noncardiologists, those special-
ized in cardiology were more likely to believe in statin ben-
efit, as were board certified clinicians and those with
>10 years in practice. Clinicians not specializing in cardiol-
ogy and those practicing in academic settings were signifi-
cantly more likely to have concerns regarding statin safety.

Baseline characteristics of the 6,839 patients treated by
the clinicians in our study are presented in supplemental
Table 1. In the patients who met a guideline indication for
statin therapy, there was no difference in statin use or
guideline-adherent statin dosing between patients treated
by clinicians with and without good guideline knowledge
(Figure 1). Patients seen by clinicians with higher belief in
the benefit of statin medications were, however, more likely
to be treated with the statin doses at or above the guideline-
recommended intensity. Conversely, patients who were
seen by clinicians with concerns about statin safety were
41.9

70.1

36.836.9

74.9

42.5

Dose Use Dose

Sta�n Benefit Concerns Regarding Sta�n Safety

No

p=0.001p=0.03 p=0.003

guideline indication for statin therapy

ular disease (ASCVD) risk and prolonging life.

tatin intensity.

e recommendations correctly.

risks are under-reported.
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Figure 2. Achievement of LDL-C <100 mg/dl among patients with a guideline indication for statin therapy

LDL-C = low-density lipoprotein cholesterol.
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significantly less likely to be treated with a statin and more
likely to be on a statin dose lower than the guideline-recom-
mended intensity (Figure 1). Similarly, patients who were
seen by clinicians with concerns about statin safety were
significantly less likely to achieve an LDL-C level of
<100 mg/dl (Figure 2).

After multivariable adjustment, there remained no dif-
ference in statin use, statin dosing, or achievement of LDL-
C <100 mg/dl between patients treated by clinicians with
good guideline knowledge versus those without (Table 4).
Patients seen by clinicians with a greater belief in the bene-
fit of statin medications were also no more likely to be
treated with statin medications, guideline-adherent statin
dose, and to achieve an LDL-C <100 mg/dl after multivari-
able adjustment. Patients cared for by clinicians with con-
cerns for statin safety were significantly less likely to be
treated to an LDL-C <100 mg/dl.
Table 4

Outcomes after multivariable adjustment based on clinician knowledge, belief in s

Outcome Adju

Guideline knowledge Statin use

Statin dose

LDL-C <100 mg/dl

Belief in statin benefit Statin Use

Statin Dose

LDL-C <100 mg/dl

Concern regarding statin safety Statin use

Statin dose

LDL-C <100 mg/dl

Use—Patients in which statin is used at the clinic visit.

Dose—Patients with statin dosing at or above guideline-recommended statin int

Guideline Knowledge—Clinician answered ≥3 of 4 knowledge questions relat
Belief in Benefit—Reported statins effective in reducing atherosclerotic cardiov

Safety Concerns—Reported worry about statin therapy risks and that statin the

*Variables used for risk adjustment: Age, gender, race, body mass index, smo

disease (ASCVD), family history of ASCVD, chronic kidney disease, insurance s

≥10 years) and clinician cardiologist versus not cardiologist.
Discussion

This analysis of the PALM registry examined how clini-
cian beliefs in statin therapy and knowledge of the
2013 ACC/AHA cholesterol guidelines may influence
patient treatment. Although most clinicians believed in the
benefit of statin treatment, 15% expressed concerns about
safety. Cardiologists were more likely to believe in statin
benefit; primary care clinicians were more likely to express
concern about statin side effects. Pre-existing clinician con-
cerns regarding safety may play a significant role in treat-
ment decisions, resulting in higher LDL-C levels in their
patients. In contrast, guideline knowledge was not signifi-
cantly associated with treatment decisions or LDL-C levels
achieved in unadjusted and adjusted analyses.

The 2013 ACC/AHA blood cholesterol management
guideline represented a transition in recommendations to
tatin benefit, and concern regarding statin safety

sted odds ratio* 95% confidence interval
Adjusted

p value

0.89 0.73−1.08 0.23

1.04 0.81−1.34 0.77

1.03 0.90−1.19 0.67

0.92 0.64−1.34 0.68

1.06 0.77−1.45 0.73

0.95 0.72−1.24 0.70

0.97 0.71−1.33 0.85

1.00 0.80−1.25 0.99

0.75 0.63−0.89 0.001

ensity.

ed to guideline recommendations correctly.

ascular disease (ASCVD) risk and prolonging life.

rapy risks are under-reported.

king status, hypertension, diabetes, previous atherosclerotic cardiovascular

tatus, practice in training hospital, clinician years in practice (<10 years vs
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patient treatment based on overall patient ASCVD risk.11,13

The PALM registry and other studies have shown that
>25% of statin-eligible patients were not treated with a
statin or were dosed below the recommended intensity.14,15

This study demonstrates persistent undertreatment in which
less than half of patients received guideline-recommended
intensity of statin therapy. Hypothesized reasons for under-
treatment have included cost factors, patient concerns, and
under-recognition of patients who would benefit from statin
therapy.16 However, little is known about how clinician
knowledge and biases may impact treatment.

PALM is unique in capturing clinician characteristics,
knowledge, and beliefs in a large cohort of the US clinicians.
The majority of clinicians surveyed demonstrated good
knowledge of the 2013 ACC/AHA guidelines, as exemplified
by alignment of hypothetical treatment decisions with the
guideline recommendations. However, there was heterogene-
ity in these responses. The vast majority of clinicians chose
to treat the patient with high risk and high cholesterol and
the patient with diabetes. However, many chose not to treat
the older patient with low cholesterol but high ASCVD risk
for whom guidelines would recommend a risk discussion
regarding statin therapy. Conversely, a significant proportion
of clinicians chose to treat the patient with elevated LDL-C
but low ASCVD risk, a scenario where the 2013 ACC/AHA
guidelines again suggest discussion with the patient regard-
ing possible initiation of a statin. Variations in statin pre-
scribing have been reported between specialties, possibly
attributed to differing guidelines.11,17−19 Other studies have
shown gaps in clinician understanding of the 4 statin benefit
groups.20,21 However, our study showed that clinician guide-
line knowledge was not the limiting factor.

In our study, over 15% of clinicians continue to have
concerns regarding the safety of statin medications, despite
data suggesting that statin intolerance is unreliably repro-
duced when in a blinded setting.22 These concerns directly
translate to differences in use and appropriate dosing of
statin therapy. The largest observed differences were found
between clinicians with and without concerns regarding the
safety of statins. Patients treated by clinicians with con-
cerns regarding statin safety were less likely to achieve an
LDL-C <100 mg/dl in both unadjusted and adjusted analy-
ses, suggesting lower-intensity lipid-lowering efforts.
PALM showed no association between clinician-perceived
benefit of statin therapy and treatment practices.

Statin medications have been approved for commercial
use in the United States for more than 30 years. This
study shows that uptake of one of the most studied car-
diovascular medication groups, with clear treatment bene-
fit, remains hampered by underlying clinician beliefs
rather than a lack of guideline knowledge. Clinically, this
translates to large groups of patients receiving suboptimal
care, for primary and secondary prevention of ASCVD.
Although current health system-based initiatives are test-
ing interventions to increase clinician awareness of treat-
ment eligibility, broader initiatives to address clinicians’
underlying beliefs and biases are needed. These results
suggest the need for additional research and education to
assure clinicians of statin safety in order to improve the
care of our patients by maximizing guideline adherence
in prescribing.
Our study should be evaluated taking note of several
important limitations. First, given the observational and
cross-sectional design of our study, rationale for clinician
treatment decisions regarding statin therapy were not avail-
able for evaluation. Thus, we were unable to fully capture
treatment motivations, including clinician-patient risk dis-
cussions or previous statin intolerance. Additionally, as
many patients see several physicians for their care, the cli-
nician completing the survey may not represent the individ-
ual who made primary decisions regarding statin therapy.
Next, in patients receiving therapy with a statin medication
at the time of the survey, the baseline LDL-C, before lipid
lowering therapy, was not consistently available. Similarly,
ASCVD risk, which was used to inform guideline-recom-
mended eligibility and dose of statin therapy, was calcu-
lated in patients with and without statin therapy.
Calculating ASCVD risk in the patients on statin therapy
may underestimate true risk, and thus may underestimate
the guideline statin recommendation. Finally, we defined
clinician knowledge based on answers to 4 hypothetical
scenarios addressing key take-home messages from the
2013 ACC/AHA guidelines. Although a more extensive
knowledge check may have been informative, it was not
feasible in this large, multicenter study.

Clinician characteristics, including specialty, years in
practice, and setting of practice, may influence belief in the
benefit of statin medications and concern regarding statin
safety. These beliefs in the benefit of statin therapy and
safety of statin medications play a significant role in man-
agement of patient blood lipid levels with statin use, appro-
priate dosing based on guideline recommendations, and
achievement of LDL-C <100 mg/dl. Conversely, clinician
guideline knowledge was not significantly associated with
treatment decisions. Interventions specifically targeting
these underlying clinician beliefs and ongoing discussions
of the benefit-to-risk ratio of statin medications will be
important to continue improving the guideline-directed
care of patients.
Author Agreement

This manuscript contains original research and is not
under consideration elsewhere. None of the paper’s con-
tents have been previously published. All investigators
have read and approved the manuscript. All of our investi-
gators meet the criteria for authorship.
Author Contributions

All authors have been involved in the study design, anal-
ysis, and manuscript revision. All investigators read and
approved the final manuscript. Dr. Lowenstern is the guar-
antor who accepts full responsibility for the work and the
conduct of the study, had access to the data, and controlled
the decision to publish.

A Lowenstern: Dr. Lowenstern had full access to all of
the data in the study and takes responsibility for the integ-
rity of the data and the accuracy of the data analysis. Dr.
Lowenstern contributed to the conception and design of the
study, the data interpretation, the manuscript drafting, and
the critical revision of the manuscript.

www.ajconline.org


Coronary Artery Disease/Association of Clinician Beliefs With Statin Use 1017
AM Navar: Dr. Navar contributed to the conception and
design of the study, the data analysis, the data interpreta-
tion, the manuscript drafting, and the critical revision of the
manuscript.

S Li: Ms. Li contributed to the conception and design of
the study, the data analysis, the data interpretation, the man-
uscript drafting, and the critical revision of the manuscript.

SS Virani: Dr. Virani contributed to the conception and
design of the study, the data analysis, the data interpreta-
tion, the manuscript drafting, and the critical revision of the
manuscript.

AC Goldberg: Dr. Goldberg contributed to the concep-
tion and design of the study, the data analysis, the data
interpretation, the manuscript drafting, and the critical revi-
sion of the manuscript.

MJ Louie: Dr. Louie contributed to the conception and
design of the study, the data analysis, the data interpreta-
tion, the manuscript drafting, and the critical revision of the
manuscript.

LV Lee: Dr. Lee contributed to the conception and
design of the study, the data analysis, the data interpreta-
tion, the manuscript drafting, and the critical revision of the
manuscript.

ED Peterson: Dr. Peterson contributed to the concep-
tion and design of the study, the data analysis, the data
interpretation, the manuscript drafting, and the critical revi-
sion of the manuscript.

TY Wang: Dr. Wang contributed to the conception and
design of the study, the supervision, data acquisition and
interpretation, the manuscript drafting, and the critical revi-
sion of the manuscript.
Disclosures

A Lowenstern: Dr. Lowenstern received funding
through NIJ T-32 training grant #5 T32 HL069749-14.

AM Navar: Dr. Navar reports research support from
Amgen, Sanofi, and Regeneron; consulting fees from
Amgen and Sanofi.

S Li:Ms. Li reports no relevant disclosures.
SS Virani: Dr. Virani reports research support from

ADA/AHA/ VA; honorarium from ACC as the Associate
Editor for Innovations, ACC.org.

AC Goldberg: Dr. Goldberg reports research support
from Amarin, Amgen, Pfizer, Regeneron, Sanofi, IONIS;
honoraria from Merck; advisory board for Sanofi/Regen-
eron, Esperion.

MJ Louie: Dr. Louie reports employment with Regen-
eron Pharmaceuticals, Inc.; ownership interest in Regen-
eron Pharmaceuticals, Inc.

LV Lee: Dr. Lee reports employment with Sanofi.
ED Peterson: Dr. Peterson reports research support

from Eli Lilly, Janssen, Merck, Consulting from AstraZe-
neca, Bayer, Boehringer Ingelheim, Genentech, Janssen,
Merck, and Sanofi Aventis;

TY Wang: Dr. Wang reports research support from
AstraZeneca, Daiichi Sankyo, Eli Lilly, Gilead, Glaxo
SmithKline, Regeneron, Sanofi; consultant/advisory/educa-
tion from Bristol Myers Squibb, Astra Zeneca, Eli Lilly,
Premier, Inc.
Supplementary materials

Supplementary material associated with this article can
be found, in the online version, at https://doi:10.1016/j.amj
card.2018.12.031.
1. Cannon CP, Braunwald E, McCabe CH, Rader DJ, Rouleau JL, Belder
R, Joyal SV, Hill KA, Pfeffer MA, Skene AM. Intensive versus moder-
ate lipid lowering with statins after acute coronary syndromes. N Engl
J Med 2004;350:1495–1504.

2. Downs JR, Clearfield M, Weis S, Whitney E, Shapiro DR, Beere PA,
Langendorfer A, Stein EA, Kruyer W, Gotto AM Jr. Primary preven-
tion of acute coronary events with lovastatin in men and women
with average cholesterol levels: results of AFCAPS/TexCAPS Air
Force/Texas Coronary Atherosclerosis Prevention Study. JAMA
1998;279:1615–1622.

3. LaRosa JC, Grundy SM, Waters DD, Shear C, Barter P, Fruchart JC,
Gotto AM, Greten H, Kastelein JJ, Shepherd J, Wenger NK. Intensive
lipid lowering with atorvastatin in patients with stable coronary dis-
ease. N Engl J Med 2005;352:1425–1435.

4. Nicholls SJ, Ballantyne CM, Barter PJ, Chapman MJ, Erbel RM,
Libby P, Raichlen JS, Uno K, Borgman M, Wolski K, Nissen SE.
Effect of two intensive statin regimens on progression of coronary dis-
ease. N Engl J Med 2011;365:2078–2087.

5. Pedersen TR, Faergeman O, Kastelein JJ, Olsson AG, Tikkanen MJ,
Holme I, Larsen ML, Bendiksen FS, Lindahl C, Szarek M, Tsai J.
High-dose atorvastatin vs usual-dose simvastatin for secondary pre-
vention after myocardial infarction: the IDEAL study: a randomized
controlled trial. JAMA 2005;294:2437–2445.

6. Ray KK, Cannon CP, McCabe CH, Cairns R, Tonkin AM, Sacks FM,
Jackson G, Braunwald E. Early and late benefits of high-dose atorvas-
tatin in patients with acute coronary syndromes: results from the
PROVE IT-TIMI 22 trial. J Am Coll Cardiol 2005;46:1405–1410.

7. Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, Kaste-
lein JJ, Koenig W, Libby P, Lorenzatti AJ, MacFadyen JG, Nordest-
gaard BG, Shepherd J, Willerson JT, Glynn RJ. Rosuvastatin to
prevent vascular events in men and women with elevated C-reactive
protein. N Engl J Med 2008;359:2195–2207.

8. Sabatine MS, Giugliano RP, Keech AC, Honarpour N, Wiviott SD,
Murphy SA, Kuder JF, Wang H, Liu T, Wasserman SM, Sever PS,
Pedersen TR. Evolocumab and clinical outcomes in patients with car-
diovascular disease. N Engl J Med 2017;376:1713–1722.

9. Cholesterol Treatment Trialists CMihaylova B, Emberson J, Blackwell
L, Keech A, Simes J, Barnes EH, Voysey M, Gray A, Collins R, Bai-
gent C. The effects of lowering LDL cholesterol with statin therapy in
people at low risk of vascular disease: meta-analysis of individual data
from 27 randomised trials. Lancet 2012;380:581–590.

10. Scandinavian Simvastatin Survival Study Group. Randomised trial
of cholesterol lowering in 4444 patients with coronary heart dis-
ease: the Scandinavian Simvastatin Survival Study (4S). Lancet
1994;344:1383–1389.

11. Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB,
Eckel RH, Goldberg AC, Gordon D, Levy D, Lloyd-Jones DM,
McBride P, Schwartz JS, Shero ST, Smith SC Jr, Watson K, Wilson
PW, Eddleman KM, Jarrett NM, LaBresh K, Nevo L, Wnek J, Ander-
son JL, Halperin JL, Albert NM, Bozkurt B, Brindis RG, Curtis LH,
DeMets D, Hochman JS, Kovacs RJ, Ohman EM, Pressler SJ, Sellke
FW, Shen WK, Smith SC Jr, Tomaselli GF. 2013 ACC/AHA guideline
on the treatment of blood cholesterol to reduce atherosclerotic cardio-
vascular risk in adults: a report of the American College of Cardiol-
ogy/American Heart Association Task Force on Practice Guidelines.
Circulation 2014;129:S1–45.

12. Navar AM, Wang TY, Goldberg AC, Robinson JG, Roger VL, Wilson
PF, Virani SS, Elassal J, Lee LV, Webb LE, Peterson E. Design and
rationale for the patient and Provider Assessment of Lipid Manage-
ment (PALM) registry. Am Heart J 2015;170:865–871.

13. National Cholesterol Education Program Expert Panel on Detection,
Evaluation Treatment of High Blood Cholesterol in Adults. Third
report of the National Cholesterol Education Program (NCEP) expert
panel on detection, evaluation, and treatment of high blood cholesterol
in adults (adult treatment panel III) final report. Circulation
2002;106:3143–3421.

https://doi.org/10.1016/j.amjcard.2018.12.031
https://doi.org/10.1016/j.amjcard.2018.12.031
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0013


1018 The American Journal of Cardiology (www.ajconline.org)
14. Maddox TM, Borden WB, Tang F, Virani SS, Oetgen WJ, Mullen JB,
Chan PS, Casale PN, Douglas PS, Masoudi FA, Farmer SA, Rumsfeld
JS. Implications of the 2013 ACC/AHA cholesterol guidelines for
adults in contemporary cardiovascular practice: insights from the
NCDR PINNACLE registry. J Am Coll Cardiol 2014;64:2183–2192.

15. Navar AM, Wang TY, Li S, Robinson JG, Goldberg AC, Virani S,
Roger VL, Wilson PWF, Elassal J, Lee LV, Peterson ED. Lipid man-
agement in contemporary community practice: results from the Pro-
vider Assessment of Lipid Management (PALM) Registry. Am Heart J
2017;193:84–92.

16. Salami JA, Warraich H, Valero-Elizondo J, Spatz ES, Desai NR,
Rana JS, Virani SS, Blankstein R, Khera A, Blaha MJ, Blumenthal
RS, Lloyd-Jones D, Nasir K. National Trends in Statin Use and
Expenditures in the US Adult Population From 2002 to 2013: insights
from the medical expenditure panel survey. JAMA Cardiol 2017;2:
56–65.

17. Jellinger PS, Handelsman Y, Rosenblit PD, Bloomgarden ZT, Fonseca
VA, Garber AJ, Grunberger G, Guerin CK, Bell DS, Mechanick JI,
Pessah-Pollack R, Wyne K, Smith D, Brinton EA, Fazio S, Davidson
M. American Association of Clinical Endocrinologists and American
College of Endocrinology Guidelines for management of dyslipidemia
and prevention of atherosclerosis. Endocr Pract 2017;21:1–87.
18. Jacobson TA, Ito MK, Maki KC, Orringer CE, Bays HE, Jones PH,
McKenney JM, Grundy SM, Gill EA, Wild RA, Wilson DP, Brown
WV. National Lipid Association recommendations for patient-cen-
tered management of dyslipidemia: part 1—executive summary. J
Clin Lipidol 2014;8:473–488.

19. Wadia SK, Belkin M, Chow KS, Nattiv J, Appis A, Feinstein SB, Wil-
liams KA Sr. In-hospital statin underutilization among high-risk
patients: delayed uptake of the 2013 cholesterol guidelines in a U.S.
cohort. Hosp Pract 2017;45:16–20.

20. Virani SS, Pokharel Y, Steinberg L, Chan W, Akeroyd JM, Gowani
SA, Kalra A, Polsani V, Miedema MD, Jones PH, Nambi V, Petersen
LA, Ballantyne CM. Provider understanding of the 2013 ACC/AHA
cholesterol guideline. J Clin Lipidol 2016;10:497–504. e4.

21. Pokharel Y, Steinberg L, Chan W, Akeroyd JM, Jones PH, Nambi V,
Nasir K, Petersen L, Ballantyne CM, Virani SS. Case-based educa-
tional intervention to assess change in providers’ knowledge and atti-
tudes towards the 2013 American College of Cardiology/American
Heart Association Cholesterol Management Guideline. Atherosclerosis
2016;246:115–120.

22. Taylor BA, Lorson L, White CM, Thompson PD. A randomized trial
of coenzyme Q10 in patients with confirmed statin myopathy. Athero-
sclerosis 2015;238:329–335.

http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30034-7/sbref0022
www.ajconline.org

	Association of Clinician Knowledge and Statin Beliefs With Statin Therapy Use and Lipid Levels (A Survey of US Practice in the PALM Registry)
	Methods
	Results
	Discussion
	Author Agreement
	Author Contributions
	Disclosures
	Supplementary materials


