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Background Adherence to guideline-recommended statin recommendations in the United States is suboptimal. Patients'
likelihood to be treated according to guidelines may vary by the practice in which they are treated.

Methods Variation in the use of statin therapy in 5445 patients, with known or at high risk for atherosclerotic
cardiovascular disease (ASCVD) and meeting a statin treatment indication, was examined across 74 US Patient and Provider
Assessment of Lipid Management (PALM) Registry clinics. Multivariable generalized linear mixed modeling was used to
determine the median odds ratio (MOR) for statin use and 2013 American College of Cardiology/American Heart Association
guideline-recommended statin intensity by practice. MOR quantifies between-practice variation by comparing the odds of
receiving guideline-recommended statin treatment in a patient from a randomly selected practice with a similar patient from
another random practice. Risk-adjusted low-density lipoprotein cholesterol (LDL-C) control (b100 and b70 mg/dL) was
compared among practice tertiles based on percentage of eligible patients receiving recommended statin intensity.

Results Among 74 practices (43.2% cardiology) comprised of 300 healthcare providers enrolling 5445 patients (56.2%
with ASCVD), statin use at the guideline-recommended intensity at practices varied widely (12.7–71.4%; adjusted MOR 1.45,
95% confidence interval [CI] 1.35–1.64). Results were consistent when evaluated for any statin use overall (adjusted MOR
1.75, 95% CI 1.48–1.99) and when stratified by primary versus secondary prevention patients. Relative to practices with
lowest or mid-tertile statin use of statins, highest tertile clinics were more frequently cardiology practices (68.0% vs 48.0% vs
12.5%, P b .001). Compared with lowest tertile clinics, patients at highest tertile clinics were more likely to achieve LDL-C b70
mg/dL (adjusted odds ratio [OR] 1.49, 95% CI 1.08–2.04) and b100 mg/dL (adjusted OR 1.78, 95% CI 1.41–2.25).

Conclusions US clinics varied widely in their adherence to guideline recommendations for statin therapy, which
contributed to significant differences in LDL-C levels. (Am Heart J 2019;214:113-24.)
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Prior work has demonstrated that the use of statins in
community practice is suboptimal overall and varies
widely among sites.1-3 A nationwide study of facility-level
variation among primary care patients seen in the
Veterans Affairs Health Care System from 2012–2013
demonstrated significant facility-level variation in any
statin use, as well as moderate- to high-intensity statin
use.2 A subsequent investigation of US cardiology
practices in the Practice INNovation And Clinical
Excellence (PINNACLE) Registry also demonstrated
practice-level variation in statin prescription rates for
primary prevention in patients with diabetes,3 as did an

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ahj.2019.05.009&domain=pdf
mailto:michael.nanna@duke.edu
https://doi.org/10.1016/j.ahj.2019.05.009


114 Nanna et al
American Heart Journal

August 2019
investigation of patients with low-density lipoprotein
cholesterol (LDL-C) ≥190 mg/dL.4 Whether practice-
level variation has persisted following the release of the
2013 American College of Cardiology/American Heart
Association Cholesterol Guideline in the broader popu-
lation of patients eligible for statin therapy is unknown.
Furthermore, the factors driving this heterogeneity in
observed treatment remain unclear.
The Patient and Provider Assessment of Lipid Manage-

ment (PALM) Registry is a US registry of patients with or
at high risk for atherosclerotic cardiovascular disease
(ASCVD; n = 7938) conducted at 140 outpatient prac-
tices in 2015. Among 74 practices that enrolled ≥20
eligible patients, we aimed to: 1) examine the extent to
which practices varied in their use of statins among
eligible patients; 2) evaluate what patient and practice
characteristics were associated with more versus less
intensive statin prescribing practices; and 3) assess
whether patients seen in more intensive statin prescrib-
ing practices were more likely to have LDL-C control
(b100 mg/dL or b70 mg/dL).

Methods
Data description: the PALM registry
The design and rationale of the PALM Registry have been

outlined previously.5 Briefly, we evaluated patient and
practice characteristics, beliefs, and information regarding
statin use using patient and provider surveys completed on
an iPAD® at 140 US community cardiology, primary care,
and endocrinology practices in patients with or at high risk
for ASCVD in 2015, aftermore than a year of exposure to the
2013 ACC/AHA Cholesterol Guideline.6 Clinical data and
current statin dosing intensity were subsequently abstracted
by study coordinators from the medical record, and lipid
levels were measured using a core laboratory. Clinical
practice site files included data regarding practice type and
results from the site feasibility survey which included the
number of healthcare providers at the site. Healthcare
providers from participating practices completed surveys,
which collected healthcare provider-reported guideline use,
knowledge, attitudes, and beliefs about statin therapy, as
well as healthcare provider characteristics (provider type,
time in practice, specialty, and board certification). Health-
care provider beliefs were from provider survey questions
with responses on a five-point Likert scale.

Data definitions
Guideline-recommended statin intensity was based on

the 2013 ACC/AHA Cholesterol Guideline.6 Patients
qualified for high-intensity statin therapy if they met any
of the following criteria: 1)≤75 years old with any history
of ASCVD; 2) LDL-C ≥190 mg/dL; or 3) diabetics (40–75
years old) with 10-year ASCVD risk ≥7.5% based on the
pooled cohort equation with LDL-C ≥70 mg/dL (if not on
a statin) or with any LDL-C if already on a statin. Moderate-
intensity statin treatment was indicated if the patient did
not meet the above criteria, but met any of the following:
1) older adults (N75 years old) with ASCVD; 2) non-
diabetic adults (aged 40–75 years) with ASCVD risk
≥7.5% and LDL-C N70 mg/dL or on a statin; or 3) diabetic
individuals (40–75 years old) with 10-year ASCVD risk
b7.5% with LDL-C ≥70 mg/dL or on a statin. Individuals
were classified as having ASCVD if they had a history of
any of the following: (1) coronary artery disease (CAD;
including prior myocardial infarction, CAD, coronary
artery bypass grafting, and/or percutaneous coronary
intervention); (2) cerebrovascular disease (including
prior stroke and/or transient ischemic attack); and 3)
peripheral artery disease (including prior abdominal
aortic aneurysm, peripheral artery disease, carotid artery
stenosis, and/or non-coronary arterial revascularization).

Statistical analysis
We identified 74 practices that enrolled≥20 patients who

were eligible for statin therapy based on the 2013 ACC/AHA
Cholesterol Guideline and whose statin status and intensity
at the visit were available (total patients n = 5445).1 In order
to describe the distribution of practice-level variation in
guideline-recommended statin treatment and determine
whether treatment varied among practices, the percentage
and the 95% exact binomial confidence interval (CI) of
eligible patients receiving guideline-recommended statin
treatment use and dosing intensity for every practice was
calculated. Practices were divided into tertiles based on the
percentage of eligible patients receiving guideline-recom-
mended statin treatment use and dosing intensity: 1) highest
tertile; 2) mid-tertile; and 3) lowest tertile. We also assessed
the distribution of cardiology versus non-cardiology prac-
tices among three tertiles and conducted sensitivity analysis
to determine whether practices changed tertiles when
considering practice-level guideline-recommended statin
treatment of only patients with primary or secondary
prevention statin indications (based on a minimum of 10
patients per site in each indication category). We then
evaluated whether practice traits, healthcare provider
characteristics, healthcare provider beliefs, patient charac-
teristics, and average lipid levels differed among practice
tertiles. Categorical variables are presented as frequencies
(percentages) and compared using the Cochran-Armitage
test for trend of one category versus other categories if the
categorical variable was a nominal categorical variable, or
using Spearman correlation for ordinal categorical variables.
Continuous variables are presented as the median (first and
third quartile) and were compared using the Spearman
correlation.
To further assess the extent of practice-level variation in

guideline-recommended statin intensity and overall statin
treatment in patients with an indication for therapy
(regardless of intensity), practices were included as a
random effect in generalized linear mixed models for
guideline-recommended statin use and any statin use. In
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both unadjusted and adjusted analyses adjusting for other
relevant covariates, the median odds ratio (MOR) with
95% confidence intervals (CIs) was calculated and
presented. The MOR quantifies the median difference in
the likelihood that a patient would receive statin
treatment or guideline-recommended statin intensity at
one practice compared with a similar patient at any other
randomly selected practice. The adjusted MOR describes
how practice variation changes after adjusting for other
relevant covariates. In order to assess differences in
patient-specific LDL-C levels b70 mg/dL, as well as LDL-C
levels b100 mg/dL and guideline-recommended statin
treatment among patients treated in three pre-specified
believer groups, we used logistic regression modeling to
estimate unadjusted and adjusted odds ratios (OR) using
the lowest tertile practice group as the reference.
Clustering of patients within the same site was accounted
for using the generalized estimating equation (GEE)
method. For both generalized linear mixed modeling
and logistic regression, covariates for risk adjustment
consisted of patient age, sex, race, prior CAD (including
myocardial infarction, history of CAD, prior coronary
artery bypass grafting, or prior percutaneous coronary
intervention), prior cerebrovascular disease (including
prior transient ischemic attack or stroke), prior periph-
eral artery disease (including abdominal aortic aneurysm,
peripheral artery disease, carotid artery stenosis, and non-
coronary arterial revascularization), diabetes, obesity,
smoking, hypertension, heart failure, annual household
income, insurance status, education level (college vs
none), cardiologist versus non-cardiologist, site level
urban versus rural setting, clinician reporting use of the
2013 ACC/AHA guideline, and the clinician's number of
years in practice. The missing rate for most of covariates
was low, except for a few variables such as income
(missing in 7.8%, refused, or didn't know in 29.8%),
healthcare provider responses to their use of the 2013
ACC/AHA guideline (10.5% missing), and the number of
years a clinician had been in practice (missing in 10.5% of
patients). Multiple imputation was used for all missing
values of all covariates in the multivariable models for the
risk adjustment. All analyses were performed using SAS
version 9.4 (SAS Institute, Inc., Cary, NC). All P b .05
were considered statistically significant.

Results
Statin treatment patterns at sites
This analysis was conducted among 5445 patients

eligible for 2013 ACC/AHA cholesterol guideline-recom-
mended statin treatment (56.2% with ASCVD) treated at
74 US practices (43.2% cardiology, 56.8% non-cardiolo-
gy). The median guideline-recommended treatment rate
was 42.5% (interquartile range [IQR] 34.1–53.2% in these
practices. Nevertheless, use of guideline-recommended
statin treatment varied widely among practices (P b .001;
Figure 1). When stratified by tertiles, the median rate of
guideline-recommended treatment was 58.5% in the
highest tertile, 42.0% in the mid-tertile, and 29.8% in the
lowest tertile. We identified 58 qualifying practices with
≥10 primary prevention patients; 10 out of the 13
qualifying highest tertile practices remained in the
highest tertile when considering guideline-recommended
treatment among primary prevention patients only
(Figure 2). We identified 63 qualifying practices with
≥10 secondary prevention patients; 18 out of the 24
qualifying highest tertile practices remained in the
highest tertile when considering guideline-recommended
treatment among secondary prevention patients only
(Figure 3).
We observed significant differences in characteristics

of patients seen across the practice tertiles (Table I).
When comparing highest tertile practices with mid-tertile
and lowest tertile practices, patients were older (median
age 70 years old), more frequently white (90.5% vs 79.2%
vs 80.8%), wealthier in terms of annual household income
(26.7% vs 18.6% vs 14.7%, with ≥$100,000 annually),
more frequently had private health insurance (63.8% vs
54.5% vs 51.8%), and a history of ASCVD (70.5% vs 56.0%
vs 42.6%) (P b .001).

Inter-practice variation in statin use
The median difference in the likelihood of a patient

receiving a guideline-recommended statin at one ran-
domly selected practice was up to twofold compared
with another randomly selected site (unadjusted MOR =
1.99, 95% CI 1.87–2.16). These results indicate a median
increase of 99% in the odds of guideline-concordant statin
use if a patient receives care in a more intensive statin
prescribing practice compared with a less intensive one.
This variation, although reduced, was still substantial
after adjustment for various patient- and practice-level
variables (adjusted MOR = 1.45, 95% CI 1.35–1.64). The
variation in guideline-recommended statin treatment
across practices remained consistent in both primary
and secondary prevention patient populations (primary
prevention: adjusted MOR = 1.56, 95% CI 1.28–1.78;
secondary prevention: adjusted MOR = 1.52, 95% CI
1.31–1.69).
After adjusting for demographics, clinical characteris-

tics, socioeconomic status, insurance status, education,
and provider characteristics, patients seen at the highest
tertile clinics had almost triple the odds of receiving
guideline-recommended statin treatment (adjusted OR
2.86, 95% CI 2.45–3.34, P b .001), while mid-tertile clinic
patients had close to double the odds of receiving
guideline-recommended therapy (adjusted OR 1.81, 95%
CI 1.52–2.17, P b .001) compared with patients treated
in the lowest tertile clinics.
Practice variation was also observed when evaluating

overall statin use (regardless of whether used at the
guideline-recommended intensity) in patients with an



Figure 1

Practice-level variation in statin treatment. This figure displays practice-level variation in guideline-recommended statin treatment according to
three tertiles of statin treatment: highest tertile, mid-tertile, and lowest tertile. Points represent the point estimates of the percentage of patients
receiving guideline-recommended statin treatment for each practice with a 95% confidence interval.
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indication for therapy (unadjusted MOR = 2.27, 95% CI
2.09–2.51; adjusted MOR = 1.75, 95% CI 1.48–1.99).
Variation in statin treatment similarly remained consistent
even when stratified into primary and secondary
prevention patient populations (primary prevention:
adjusted MOR = 1.53, 95% CI 1.25–1.74; secondary
prevention: adjusted MOR = 1.87, 95% CI 1.50–2.20).

Practice and clinician characteristics
Patients treated at the highest tertile practices were

more frequently cared for by physicians (90.5%) versus
mid-tertile (83.9%) versus lowest tertile (74.1%) (P =
.005); Table II. Patients in the lowest tertile practices
were the most likely to be seen by an advanced practice
provider (51.3% in lowest tertile vs 31.5% in mid-tertile vs
29.2% in highest tertile, P = .02). Clinics in the highest
tertile for recommended statin use were more often
cardiology practices (68.0% vs 48.0% vs 12.5%, P b .001)
and board certification in cardiology was more frequent
among clinicians in the highest tertile (82.1%) versus mid-
tertile (48.7%) versus lowest tertile (11.6%) (P b .001).
Lowest tertile practices were frequently primary care/
family practice/internal medicine practices (70.8% vs
44.0% of mid-tertile vs 28.0% of the highest tertile,
P b .001). Clinicians in the highest tertile practices more
frequently reported adopting the 2013 ACC/AHA Choles-
terol Guideline (80.2%) compared with mid- (67.8%) or
lowest tertile practices (59.3%) (P = .003). The majority
of non-cardiology practices that met the pre-specified
minimum enrollment criteria of ≥20 patients meeting a
guideline-indication for statin therapy were primary care/
family practice/internal medicine, although three endo-
crinology practices were also included. Of the three
endocrinology practices included in the analysis, one was
classified in the highest tertile and two were classified as
mid-tertile.

Clinician beliefs
Clinician beliefs about statins and cholesterol varied

across practice tertiles (Table III), with highest tertile
healthcare providers most likely to agree or strongly
agree with the statements that statins are safe (72.8% vs



Figure 2

Practice performance when evaluating guideline-recommended statin treatment among patients with a primary prevention indication. This figure
displays practice-level variation in guideline-recommended statin treatment among patients with a primary prevention indication for statin therapy,
with practices presented in the same order as in Figure 1; this is meant to demonstrate whether practices perform as well in primary prevention
patients as they did overall. Points represent the point estimates of the percentage of patients receiving guideline-recommended statin treatment for
each practice with a 95% confidence interval. The threshold lines for the three tertiles of statin treatment for the 58 hospitals evaluated for the
primary prevention indication (highest tertile, mid-tertile, and lowest tertile) are provided for reference. Colors (black, gray and light gray) were
derived from the overall patient population.
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69.8% vs 56.6%, P b .05) and prolong life (79.0%, vs
72.1% vs 53.7%, P b .001), but less frequently reported
checking lipids more than once a year in patients with
known cardiovascular disease (30.2% vs 59.8% vs 64.8%,
P b .001). Highest tertile practice providers appeared to
be willing to try additional statins before switching off of
statin therapy compared with mid- or lowest tertile
providers (P = .05), while being less likely to recommend
switching to a non-statin therapy (P b .001).

LDL-C levels
Patient's LDL-C levels distributed differently across

practice tertiles (highest tertile median LDL-C = 86 mg/
dL vs mid = 98 mg/dL vs lowest tertile = 100 mg/dL,
P b .001). Patients treated in the highest tertile practices
consistently achieved LDL-C levels b70 mg/dL andb 100
mg/dL more frequently than those seen at the lowest
tertile practices, including patients with either primary or
secondary prevention indications for statin therapy
(Figure 4). When compared with the lowest tertile clinics
using multivariable modeling, patients at the highest
tertile clinics were more likely to achieve LDL-C b 70 mg/
dL (adjusted OR 1.49, 95% CI 1.08–2.04, P = .01) and
b100 mg/dL (adjusted OR 1.78, 95% CI 1.41–2.25,
P b .001). Similar lipid patterns were seen when stratified
by primary and secondary prevention treatment indica-
tions (Figure 4). When compared with the lowest tertile
clinics, patients seen at mid-tertile clinics did not have



Figure 3

Practice performance when evaluating guideline-recommended statin treatment among patients with a secondary prevention indication. This figure
displays practice-level variation in guideline-recommended statin treatment among patients with a secondary prevention indication for statin
therapy, with practices presented in the same order as in Figure 1. This is meant to demonstrate whether practices perform as well in secondary
prevention patients as they did overall. Points represent the point estimates of the percentage of patients receiving guideline-recommended statin
treatment for each practice with a 95% confidence interval. The threshold lines for the three tertiles of statin treatment for the 63 hospitals evaluated
for the secondary prevention indication (highest tertile, mid-tertile, and lowest tertile) are provided for reference. Colors (black, gray, and light
gray) were derived from the overall patient population.
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significantly better lipid control after adjustment (LDL-
C b 70 mg/dL adjusted OR 1.08, 95% CI 0.77–1.52, P =
.65; LDL-C b 100 mg/dL adjusted OR 1.13, 95% CI 0.88–
1.45, P = .34).
Discussion
Significant practice-level variation in statin treatment in

contemporary practice exists with corresponding effects
on lipid control. Patients seen at the highest tertile
practices had a nearly three-fold increased odds of
receiving guideline-recommended statin treatment com-
pared with patients seen at the lowest tertile practices.
We identified several potential influences on this
variation including differences in baseline patient char-
acteristics, provider type, and provider beliefs. Top
performing sites were frequently cardiology practices,
with providers who believe in the safety and efficacy of
statins and who were more likely to try additional statins
prior to switching to a non-statin lipid-lowering therapy.
Our analyses demonstrated significant practice-level

variation in statin use, which is consistent with prior
work. Prior studies preceding the 2013 ACC/AHA
Cholesterol guideline have demonstrated facility-level
variation in statin use in the Veterans Affairs Health Care
System,2 as well as across US cardiology practices treating
diabetic patients for primary prevention.3 A subsequent
study of patients with LDL-C ≥ 190 mg/dL demonstrated
similar practice variability in primary prevention use of
lipid-lowering therapies.4 Our study confirms the



Table I. Patient characteristics at 74 US practices (n = 5445 patients) according to cholesterol guideline-recommended treatment tertile⁎

Highest tertile (n = 1839) Mid-tertile (n = 1706) Lowest tertile (n = 1900) P†

Age (median) 70.0 (64.0, 75.0) 67.0 (60.0, 73.0) 67.0 (60.0, 73.0) b0.001
Race

White 1664 (90.5%) 1351 (79.2%) 1535 (80.8%)
Black 133 (7.2%) 325 (19.1%) 314 (16.5%) b0.001‡

Other/unknown 42 (2.3%) 30 (1.8%) 51 (2.7%)
Hispanic ethnicity 72 (3.9%) 343 (20.1%) 181 (9.5%) b0.001
Body mass index 29.5 (26.1, 34.1) 30.0 (26.4, 34.6) 30.1 (26.5, 35.1) 0.01
10-year risk (among those w/out ASCVD) 15.0% (10.5%, 21.6%) 14.3% (9.6%, 21.5%) 14.9% (9.3%, 22.9%) 0.79
ASCVD 1297 (70.5%) 955 (56.0%) 809 (42.6%) b0.001
History of MI 467 (25.4%) 254 (14.9%) 159 (8.4%) b0.001
History of stroke 98 (5.3%) 95 (5.6%) 112 (5.9%) 0.45
History of diabetes 671 (36.5%) 763 (44.7%) 1008 (53.1%) b0.001
Hypertension 1472 (80.0%) 1420 (83.2%) 1544 (81.3%) 0.35
Heart failure 262 (14.4%) 181 (10.7%) 107 (5.7%) b0.001
History of myopathy 117 (6.4%) 62 (3.6%) 50 (2.7%) b0.001
Chronic kidney disease 232 (12.6%) 141 (8.3%) 202 (10.6%) 0.05
Current smoker 174 (9.5%) 260 (15.2%) 263 (13.8%) b0.001
College or above 709 (40.8%) 571 (35.0%) 553 (32.1%) b0.001
Insurance

Private 1172 (63.8%) 930 (54.5%) 983 (51.8%) b0.001‡

Government 641 (34.9%) 729 (42.7%) 874 (46.1%)
Other (non-US) 0 (0.0%) 1 (0.1%) 1 (0.1%)
No insurance 24 (1.3%) 46 (2.7%) 40 (2.1%)

Income
b35,000 247 (24.9%) 505 (43.7%) 488 (38.9%) b0.001‡

35,000-74,999 351 (35.5%) 321 (27.8%) 439 (35.0%)
75,000-99,999 128 (12.9%) 114 (9.9%) 143 (11.4%)
≥100,000 264 (26.7%) 215 (18.6%) 185 (14.7%)

Lipid-lowering treatment
Not on a statin 293 (15.9%) 413 (24.2%) 710 (37.4%) b0.001
On a guideline-recommended statin 1040 (56.6%) 720 (42.2%) 533 (28.1%) b0.001
On ezetimibe 95 (5.2%) 58 (3.4%) 113 (6.0%) 0.26

Lipid levels
Total cholesterol mg/dL (overall) 158.0 (136.0, 188.0) 173.5 (146.0, 206,0) 175.0 (149.0, 208.0) b0.001
LDL-C mg/dL (on treatment) 81.0 (65.0, 98.0) 90.0 (71.0, 112.0) 89.0 (71.0, 113.0) b0.001
LDL-C mg/dL (overall) 86.0 (68.0, 110.0) 98.0 (76.0, 124.0) 100.0 (79.0, 128.0) b0.001
Triglycerides (overall) 128.0 (91.0, 182.0) 140.0 (97.0, 205.0) 141.1 (100.0, 199.0) b0.001
HDL-C mg/dL (overall) 51.0 (42.0, 62.0) 51.0 (42.0, 62.0) 51.0 (42.0, 62.0) 0.85

ASCVD = atherosclerotic cardiovascular disease; BMI = body mass index; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; MI =
myocardial infarction.
⁎Data are presented as median (interquartile range) for continuous variables and n (%) for categorical variables
† P values were calculated by comparing only non-missing row values.
‡ P value for trend calculated as binary categorical variable using this row versus all others in this category.
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persistence of this practice-level variation in a broader
population of US outpatients, with both primary and
secondary prevention indications and across a variety of
practice types that frequently prescribe statin therapy.
Addressing this practice-level variation requires an

understanding of the factors driving the heterogeneity
in observed treatment. While prior analyses from the
PALM Registry have focused on patient-level characteris-
tics associated with statin intensity,7-9 reasons for statin
under-utilization,8-11 and patient versus provider percep-
tion of risk,2 our study is one of the first to identify
specific attributes of high-performing practices which
may inform future practice-level interventions. We found
that top performing statin treatment practices were often
cardiology practices while the lowest tertile statin
treatment practices were more frequently primary care/
family practice/internal medicine. The highest tertile
practices more frequently reported adopting the 2013
ACC/AHA Cholesterol Guideline (80.2%) versus lowest
tertile practices (59.3%), which emphasizes the impor-
tance of improving adoption of cholesterol guideline
recommendations into primary care clinics. Physicians
represented N90% of providers in the highest tertile
practices while making up b75% of providers in the
lowest tertile practices; correspondingly, patients in the
lowest tertile practices were seen by advanced practice
providers 51.3% of the time, compared with 29.2% of the
time in the highest tertile practices. A prior study by
Virani et al. demonstrated a small difference in statin use
among patients receiving care from physicians versus



Table II. Practice and clinician characteristics by guideline-recommended statin treatment tertile (n = 74)

Practice characteristics Highest tertile
(n = 25)

Mid-tertile
(n = 25)

Lowest tertile
(n = 24)

P⁎

Total number of providers at site† 11.0 (5.0, 19.0) 4.0 (3.0, 10.0) 2.0 (2.0, 4.0) b.001
Practice location‡

Rural 1 (4.0%) 2 (8.0%) 2 (8.7%) .52
Urban 24 (96.0%) 23 (92.0%) 21 (91.3%)

Principal investigator specialty§

Cardiology 17 (68.0%) 12 (48.0%) 3 (12.5%) b.001‖

Primary care/family practice/internal medicine 7 (28.0%) 11 (44.0%) 17 (70.8%)
Endocrinology 0 (0.0%) 2 (8.0%) 1 (4.2%)
Other 1 (4.0%) 0 (0.0%) 3(12.5%)

Provider characteristics¶ Highest tertile
(n = 143)

Mid-tertile
(n = 97)

Lowest tertile
(n = 60)

P⁎

Provider types
Physician (MD, DO, MBBS/MBBCh) 114 (90.5%) 73 (83.9%) 40 (74.1%) .005‖

APP 12 (9.5%) 13 (14.9%) 14 (25.9%)
Clinician in training 0 (0.0%) 1 (1.2%) 0 (0.0%)

If physician, sees patients alone (%Yes) 52 (46.0%) 38 (52.1%) 18 (46.2%) .79
Patients seen by APP (if provider is a physician) 33 (29.2%) 23 (31.5%) 20 (51.3%) .02
Patients seen with APP (%Yes) 34 (30.1) 14 (19.2%) 13 (33.3%) .85
Sees patients with a trainee (if provider is a physician) 10 (8.9%) 3 (4.1%) 5 (12.8%) .76
Primary guideline for cholesterol management
2013 ACC/AHA Guideline on the Treatment of Blood Cholesterol
to Reduce Atherosclerotic Cardiovascular Disease

101 (80.2%) 59 (67.8%) 32 (59.3%) .003‖

Third Report of the Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults

20 (15.9%) 18 (20.7%) 12 (22.2%)

American Association of Clinical Endocrinologists' Guidelines for
Management of Dyslipidemia and Prevention of Atherosclerosis

0 (0.0%) 5 (5.8%) 5 (9.3%)

European Society of Cardiology/European Atherosclerosis
Society Guidelines for the Management of Dyslipidemias

0 (0.0%) 1 (1.2%) 0 (0.0%)

Other 2 (1.6%) 2 (2.3%) 0 (0.0%)
None, I don't use any of these routinely to guide my practice 3 (2.4%) 2 (2.3%) 5 (9.3%)
Years in practice

0–5 years 19 (15.1%) 16 (18.4%) 9 (16.7%) .69‖

6–10 years 12 (9.5%) 12 (13.8%) 4 (7.4%)
10–20 years 42 (33.3%) 20 (23.0%) 21 (38.9%)
20+ years 53 (42.1%) 39 (44.8%) 20 (37.0%)

Board-certified (Yes) 113 (89.7%) 80 (92.0%) 45 (83.3%) .33
Board-certified in internal medicine (Yes) 56 (50.0%) 32 (41.0%) 16 (37.2%) .11
Board-certified in family practice (Yes) 9 (8.0%) 23 (29.5%) 26 (60.5%) b.001
Board-certified in cardiology (Yes) 92 (82.1%) 38 (48.7%) 5 (11.6%) b.001
Board-certified in endocrinology (Yes) 1 (0.9%) 9 (11.5%) 0 (0.0%) .40
Board-certified in “other” (Yes) 25 (22.3%) 9 (11.5%) 3 (7.0%) .009

ACC/AHA = American College of Cardiology/American Heart Association; APP = advanced practice provider
Data are presented as median (interquartile range) for continuous variables and n (%) for categorical variables
⁎ P values were calculated by comparing only non-missing row values.
† “Total number of providers” was obtained from the site feasibility survey but had significant missingness (29 of 74 missing). All missing values were imputed with the results from the
provider survey.
‡Rural vs. urban classified using US census data by practice zip code.
§ Based on practice specialty obtained from the original site file.
‖ P for trend calculated as binary categorical variable using this row vs. all others in this category
¶Based on results of the provider survey.
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advanced practice providers (adjusted OR = 0.94, 0.93-
0.95), though this difference was not felt to be clinically
meaningful.12 Given the critical role of mid-level clini-
cians in the primary care and cardiology settings, further
study is necessary in order to close this treatment gap.
In addition to differences in practice, clinician beliefs
also varied among practices in different statin treatment
tiers in the PALM Registry. Highest tertile practice
clinicians were more willing to try additional statins
before switching off statin therapy and reluctant to



Table III. Clinician beliefs⁎

Highest tertile
(n = 143)

Mid-tertile
(n = 97)

Lowest tertile
(n = 60)

P⁎

The provider “often” or “always” calculates CVD risk 64 (50.8%) 39 (44.8%) 27 (50%) .76
How frequently does the provider report checking lipids in
patients with cardiovascular disease?
More than once a year 38 (30.2%) 52 (59.8%) 35 (64.8%) b.001†

Once a year 75 (59.5%) 29 (33.3%) 17 (31.5%)
Some other frequency 13 (10.3) 6 (6.9%) 2 (3.7%)

What percentage of providers responded “agree” or “strongly agree”
when asked to rate their agreement with the following statements?‡

I worry that risks of statins may be underreported or underappreciated 25 (20.0%) 14 (16.3%) 13 (24.1%) .70
Statins are extremely safe 91 (72.8%) 60 (69.8%) 30 (56.6%) b.05
Statins are unnecessary in adults with low LDL levels (b70 mg/dL) 26 (20.8%) 24 (27.9%) 17 (31.5%) .10
Statins are very effective in reducing risk of heart attack or stroke 116 (92.8%) 82 (95.4%) 47 (87.0%) .31
Statins prolong life 98 (79.0%) 62 (72.1%) 29 (53.7%) b.001

How often does the provider report seeing the following side effects from statins?§

Myalgias 33 (26.6%) 30 (34.9%) 16 (29.6%) .49
Memory loss 1 (0.8%) 1 (1.2%) 0 (0.0%) .67
Diabetes 3 (2.4%) 1 (1.2%) 1 (1.9%) .70

In general, for patients who experience myalgias/muscle aches on statin therapy,
how many statins do the provider recommend a patient try before considering the
patient “intolerant” of any statin?

.05‖

1 statin (i.e. I don't try any other statin) 0 (0.0%) 2 (2.4%) 0 (0.0%)
2 statins 29 (23.0%) 28 (32.9%) 19 (35.2%)
3 statins 63 (50.0%) 41 (48.2%) 31 (57.4%)
4 or more statins 34 (27.0%) 14 (16.5%) 4 (7.4%)

How often does the provider recommend switching to a non-statin lipid lowering
medication for patients who report muscle aches while on statin therapy?
Almost never 55 (43.7%) 17 (19.8%) 11 (20.8%) b.001†
Sometimes 70 (55.6%) 59 (68.6%) 37 (69.8%)
Often 1 (0.8%) 10 (11.6%) 5 (9.4%)

CVD = cardiovascular disease; LDL-C = low-density lipoprotein cholesterol
Data are presented as n (%)
⁎ P values were calculated by comparing only non-missing row values.
† P value for trend calculated as binary categorical variable using this row vs. all others in this category
‡Data represent the percentage of subjects who responded “agree” or “strongly agree” on a five-point Likert scale to the patient survey question
§Data represent the percentage of subjects who responded “Often” or “Frequently” on a five-point Likert scale to the patient survey question
‖ P value for trend calculated as binary variable of 3 or more statins vs 1 or 2 statins.
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recommend switching to non-statin therapies. In conjunc-
tionwith the emerging evidence supporting the use of non-
statin lipid-lowering therapies,13-17 wehypothesize that the
beliefs of healthcare providers at the highest tertile
practices regarding non-statin therapies may shift in the
future so it will be important to emphasize the need for
usingmaximally-tolerated statin therapy before adding non-
statin therapy, and to avoid switching if possible. Notably,
recent proprotein convertase subtilisin/kexin type 9
inhibitor cardiovascular outcomes trials have been per-
formed in patients receiving primarily high-intensity
statins.13,14,16,17 Despite the wealth of evidence demon-
strating the efficacy of statin therapy for the primary and
secondary prevention of cardiovascular disease, more
work must be done to convince all providers that stains
are the most effective treatment.6,18,19

We observed a number of differences in patient
characteristics between different practice tiers. Patients
seen at the highest tertile practices tended to be
wealthier, white, and have private insurance, compared
with patients seen at mid- and lowest tertile practices;
these findings are similar to one large study of English
primary care practices that demonstrated evidence of
social inequalities in statin prescribing for primary
prevention in 2006 to 2007 at lower prescribing
practices.1 Patients seen at the highest tertile practices
had much higher rates of ASCVD, though we observed
practice-level treatment variation even after adjustment
for this variable. Furthermore, when we stratified into
primary and secondary prevention subgroups, the
majority of practices remained in their original treatment
tier and practice-level variation by MOR remained similar
or even more pronounced. We hypothesize that practices
caring for higher-risk patients who more frequently need
high-intensity statin therapy may have an increased
comfort with prescribing guideline-recommended statin
therapy; consequently, this increases the likelihood of
treating all eligible patients with optimal statin doses.
Differences in statin prescribing patterns corresponded

with practice-level differences in lipid control. Patients



Figure 4

LDL-C levels by practice tertile of guideline adherence. This figure displays differences in LDL-C control (b70 and b100 mg/dL) across three tertiles
of statin treatment: Highest tertile, mid-tertile and lowest tertile. P values represent the results of comparison between the indicated practice tier (mid-
or highest) and the lowest tertile as the reference group. LDL-C = low-density lipoprotein cholesterol.
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seen at the highest tertile practices had lower LDL-C
levels, even when adjusting for potential confounders.
Compared with a patient seen at a lowest tertile practice,
a patient seen at a highest tertile practice had nearly
double the odds of having an LDL-C b 100 mg/dL; this
finding is in line with findings from PINNACLE that
demonstrated significant variation in LDL-C control to
b100 mg/dL among primary prevention patients with
diabetes seen at US cardiology practices.3 With the
reintroduction of LDL-C treatment triggers for the
initiation of non-statin lipid-lowering therapies in the
most recent cholesterol guideline,20 our results indicate
there is significant room for improvement to reduce the
risk of ASCVD among US outpatients. Close to 80% of
patients with known ASCVD in our lowest tertile
practices had LDL ≥70 mg/dL and would likely qualify
for intensified lipid-lowering therapy under the 2018
guideline recommendations. We did not formally com-
pare the frequencies of achieved LDL-C levels for the
primary and secondary prevention groups, but we
observed that providers were generally prescribing
statins that achieved lower LDL-C on therapy for
secondary prevention than for primary prevention.
Even in top-tertile practices, nearly 70% of secondary
prevention patients met the intensified treatment trigger
of LDL N70 mg/dL. Given the strong association between
LDL-C reduction and reduction in major vascular
events,21-23 addressing practice-level variation in statin
treatment and its likely impact on LDL-C control is a
critical area for future interventions.
Our study had several limitations. First, the cross-

sectional nature of the PALM Registry prevented us from
determining temporal trends in statin treatment following
the release of the 2013 ACC/AHA Cholesterol Guideline.
For example, primary care practices may have had a
delayed uptake of the 2013 guideline due to its initial
dissemination by major cardiology societies (ACC/AHA),
but potentially increased guideline-recommended treat-
ment over time. Second, our consideration of non-statin
therapies was limited and preceded the publication of
several studies supporting the use of these therapies in
high-risk patients, as well as the most recent ACC/AHA
cholesterol guideline published in late 2018,20 which
may influence future practice patterns. Third, while our
missing rate was low, we did need to use multiple
imputation for a few variables such as income (missing in
7.8%, refused or didn't know in 29.8%), healthcare
provider responses to their use of the 2013 ACC/AHA
guideline (10.5% missing), and the number of years a
clinician had been in practice (missing in 10.5% of
patients). Fourth, the PALM Registry did not capture
certain practice-level variables (e.g., whether a practice
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was a part of a larger healthcare system or an academic
medical center). Finally, we did not capture specific
factors influencing provider decisions regarding statin
treatment at the individual patient level, which may have
affected ultimate treatment choices. While contraindica-
tions may have appropriately prevented statin treatment
in certain cases, we would not expect to observe
significant heterogeneity of this unmeasured confounder
across different practices.

Conclusion
Significant practice-level variation in statin treatment

has persisted following the release of the 2013 ACC/AHA
Cholesterol Guideline with corresponding effects on lipid
control. Potential reasons underlying this variation
include differences in provider beliefs and provider
type, with significant differences in treatment patterns
seen between cardiologists and primary care providers.
Ultimately, the practice location a patient chooses should
not significantly impact whether they receive optimal
cardiovascular risk reduction; the responsibility lies with
healthcare providers to close this treatment gap.
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