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Background High-intensity statins (HIS) are recommended for secondary prevention following percutaneous coronary
intervention (PCl). We aimed to describe temporal trends and determinants of HIS prescriptions after PCl in a usual-care setting.

Methods Al patients with age <75 years undergoing PCI between January 2011 and May 2016 at an urban, tertiary
care center and discharged with available statin dosage data were included. HIS were defined as atorvastatin 40 or 80 mg,
rosuvastatin 20 or 40 mg, and simvastatin 80 mg.

Results A total of 10,495 consecutive patients were included. Prevalence of HIS prescriptions nearly doubled from 36.6%
in 2011 10 60.9% in 2016 (P<.001), with a stepwise increase each year after 2013. Predictors of HIS prescriptions included
ST-segment elevation myocardial infarction/non-ST-segment elevation myocardial infarction (odds ratio [OR] 4.60, 95% Cl
3.98-5.32, P<.001) and unstable angina (OR 1.31, 95% Cl 1.19-1.45, P<.001) as index event, prior myocardial infarction
(OR 1.48, 95% Cl 1.34-1.65, P < .001), and co-prescription of B-blocker (OR 1.26, 95% Cl 1.12-1.43, P < .001).
Conversely, statin freatment at baseline (OR 0.86, 95% Cl1 0.77-0.96, P = .006), Asian races (OR 0.73, 95% Cl 0.65-0.83,
P<.001), and older age (OR 0.90, 95% Cl 0.88-0.92, P<.001) were associated with reduced HIS prescriptions. There was
no significant association between HIS prescriptions and 1-year rates of death, myocardial infarction, or targetvessel
revascularization (adjusted hazard ratio 0.98, 95% Cl 0.84-1.15, P = .84), although there was a trend toward reduced
mortality (adjusted hazard ratio 0.71, 95% Cl 0.50-1.00, P = .05).

Conclusion Although the rate of HIS prescriptions after PCI has increased in recent years, important heterogeneity
remains and should be addressed to improve practices in patients undergoing PCI. (Am Heart J 2019;207:10-18.)

The 2013 American Heart Association/American
College of Cardiology (AHA/ACC) guidelines on the
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cardiovascular risk in adults recommend initiating or
continuing high-intensity statins (HIS) for patients with
clinical atherosclerotic cardiovascular disease who are
<75 years of age.' Consequently, using Medicare and
commercial health insurance data, increased HIS pre-
scriptions following hospitalization for myocardial infarc-
tion (MI) were reported in the time period following the
release of the guidelines.®® Yet, persistent underutiliza-
tion of HIS remains in the United States.®” In a large
registry of 138 cardiology and endocrinology practices in
2015, only 47.3% of patients with atherosclerotic
cardiovascular disease were treated with an appropriate
statin intensity level for secondary prevention, under-
scoring the need for additional efforts in this arena.®
Currently, the extent of the implementation of the 2013
AHA/ACC guidelines among patients undergoing
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percutaneous coronary intervention (PCID) remains un-
clear. Determining predictors of HIS prescriptions in
usual-care settings could help to improve medical
practices by identifying undertreated categories of
patients. We therefore aimed to describe temporal
trends, determinants, and the clinical impact of HIS
prescriptions after PCI with data from a large institutional
database reflecting a real-world setting.

Materials and methods
Population

All consecutive patients aged <75 years who under-
went PCI with balloon angioplasty and/or stent implan-
tation from January 2011 to May 2016 at our center with
information available on statin prescriptions at discharge
were included in the present study. Patients aged >75
years are the subject of differing and specific recommen-
dations by the 2013 AHA/ACC guidelines and thus were
not included in the present analysis. Baseline and
procedural characteristics as well as information con-
cerning the lipidlowering drug(s) prescribed at hospital
discharge were obtained through a review of medical
records contained in the local PCI registry. Trained
research coordinators obtained 1-year outcomes data
through clinical visits or telephone follow-up. End points
of interest were the composite of all-cause mortality, MI
according to the third universal definition,” or target-
vessel revascularization (TVR), as well as each compo-
nent within 1 year of the index procedure. Statin intensity
was defined according to the definitions used in the AHA/
ACC guidelines." High-intensity statins included atorva-
statin 40-80 mg, rosuvastatin 20-40 mg, and simvastatin
80 mg. Moderate-intensity statins were defined as
atorvastatin 10-20 mg, rosuvastatin 5-10 mg, simvastatin
20-40 mg, pravastatin 40-80 mg; lovastatin 40 mg,
fluvastatin 40 mg bid, fluvastatin XL 80 mg, and pitavastatin
2-4 mg. Finally, low-intensity statin was defined as
simvastatin 10 mg, pravastatin 10-20 mg, lovastatin
20 mg, fluvastatin 20-40 mg, and pitavastatin 1 mg. The
present study was supported by a research grant by
Regeneron Pharmaceutical; however, the authors inde-
pendently performed and 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.

Statistical analysis

Descriptive statistics are reported as mean = SD,
median and interquartile range, or number and percent-
age when appropriate. The X * test was used to compare
differences between categorical variables. The
independent-samples # test was used to compare contin-
uous variables with normal distribution, and the Mann-
‘Whitney test was used to compare continuous variables
without a normal distribution. The independent associ-
ation between baseline and procedural characteristics
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and HIS prescriptions at hospital discharge was investi-
gated with multivariate logistic regression. Year of index
PCI was analyzed with 2011 as the year of reference.
Concerning clinical presentation, ST-segment elevation
MI (STEMI), non-ST-segment elevation MI (NSTEMI), and
unstable angina were compared to stable angina and
asymptomatic presentation. Finally, white race was used
as the reference when evaluating the impact of race or
ethnicities on HIS prescriptions. Multivariate Cox regres-
sion model was constructed to investigate the impact of
HIS prescriptions on 1-year end points using the
following covariates: age, sex, white ethnicity, diabetes
mellitus, history of hyperlipidemia or systemic hyperten-
sion, smoking status, body mass index, chronic kidney
disease (defined as estimated glomerular filtration rate
<60 mL/min), clinical presentation, prescription of -
blocker at discharge, chronic total occlusion, presence of
severe calcification, AHA/ACC lesion classification B2/C,
bundle-branch block at electrocardiogram, baseline
hemoglobin, and C-reactive protein level at baseline.

Results
Temporal trend in the prescriptions of high-intensity statins
Between January 2011 and May 2016, 15,705 patients
underwent PCI in our center and were screened for
inclusion (Figure 1). A total of 1,848 (11.8%) patients
overall were discharged without any statin prescription,
with a decrease in proportion of patients per year from
35.4% in 2011 to 8.8% in 2016 (P < .001) (Figure 2). A
total of 10,495 (66.8%) patients with age <75 years were
discharged with an available statin prescription and
therefore included in the analysis. Patients discharged
with HIS prescriptions were younger, were more
frequently male, were more often hospitalized for an
acute coronary syndrome, had higher baseline low-
density lipoprotein cholesterol (LDL-C), and had more
complex coronary disease (Table I). Overall, rates of
high-, moderate-, and low-intensity statin prescriptions at
discharge were 4,373 (41.7%), 5,444 (51.9%), and 678
(6.4%), respectively, with statistically significant varia-
tions over the study period (Figure 3). Particularly, the
prevalence of HIS prescriptions in our cohort nearly
doubled from 36.6% in 2011 to 60.9% in 2016 (P < .001).
Conversely, the concomitant use of other lipid-lowering
agents such as niacin or ezetimibe steadily decreased over
this period from 101 patients (5.3%) in 2011 to 3 (0.6%) in
2016 (P < .00D).

Determinants of high-intensity statin prescriptions at
discharge

In the multivariate model, there was a significant
association between the year of procedure and HIS
prescription, with a stepwise increase from 2014 to 2016
compared to 2011 (Table II). A history of prior MI, clinical
presentation with STEMI/NSTEMI and unstable angina,
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Figure 1
15,705 patients underwent PCl
from January 2011 to May 2016:
48 in-hospital deaths
2934 patients with age > 75 years old
380 patients discharged with statins but unknown dosage
1,848 patients discharged 10,495 patients discharged with
without any statin prescription available statin prescription
Flowchart.
Figure 2
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PCI: percutaneous coronary intervention

Temporal evolution of statin prescriptions following PIC.

higher LDL-C level at baseline, longer total stent length,
and concomitant P-blocker prescription at discharge
were independently associated with more frequent HIS
prescriptions. Conversely, Asian race, older age, and
statin treatment at baseline were independently associat-
ed with reduced HIS prescriptions at time of discharge.

One-year clinical outcome

Kaplan-Meier estimates of 1-year event rates and
survival curves are detailed in Table III and Figure 4. In
univariate analysis, the rate of MI within 1 year of the
index procedure was significantly higher among patients
with HIS prescription at discharge compared to those
who were not discharged on HIS. Independent predictors
of l-year major adverse cardiovascular event and its
individual components are shown in Table IV. In
multivariate analysis, there was no significant association

between HIS prescriptions and the composite end point of
death, MI, or TVR as well as the individual components,
although there was a trend toward reduced mortality. Of
note, there was no significant interaction between LDL-C
level at baseline and the intensity of statins prescription at
discharge on any study end points.

Discussion

In the present analysis comprising 10,495 patients
undergoing PCI, we demonstrated a gradual increase in
the prescription of HIS at discharge following the
publication of the 2013 AHA/ACC guideline on treatment
of high blood cholesterol. Despite this improvement in
guideline adherence, approximately 40% of patients
continue to receive low- or moderate-intensity statins
after PCI. Several demographic and clinical
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Table 1. Baseline and procedural characterisfics

Overall population

High-intensity statin ot discharge

Non—high-intensity statins at discharge
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(N =10,495) (n = 4373) (n=6122) P value

Baseline characteristics
Age (y) 61.6+9 60.4+95 62.4+846 <.001
Ethnicity <.001

White 4045 (38.5%) 1751 (40.0%) 2294 (37.5%)

Asian 1912 (18.2%) 7141 (6.3%) 1198 (19.6%)

Black 1196 (11.4%) 512 (11.7%) 684 (11.2%)

Hispanic 2112 (20.1%) 942 (21.5%) 1170 (19.1%)

Other 1230 (11.7%) 454 (10.4%) 776 (12.7%)
Male gender 7633(72.7%) 3228 (73.8%) 4405 (72.0%) .04
BMI (kg/m?) 29.5+7.3 29.6+7.8 29.4+6.9 12
Hyperlipidemia 10,008 (95.4%) 4066 (93.0%) 5942 (97.1%) <.001
Hypertension 9696 (92.4%) 3943 (90.2%) 5753 (94.0%) <.001
Diabetes mellitus 5266 (50.2%) 2091 (47.8%) 3175 (51.9%) <.001

Insulin dependent 1634 (15.6%) 688 (32.9%) 946 (29.8%) .02
Chronic kidney disease 2341 (23.5%) 909 (22.1%) 1432 (24.5%) .05
Current smoker 1847 (17.6%) 874 (20.0%) 973 (15.9%) <.001
LVEF (%) 53.5+£12.1 523+£126 543+11.6 <.001
Medical history

Previous myocardial infarction 2488 (23.7%) 1185 (27.1%) 1303 (21.3%) <.001

Previous CABG 1570 (15.0%) 674 (15.4%) 896 (14.6%) 27

Peripheric artery disease 915 (8.7%) 389 (8.9%) 526 (8.6%) .58

Cerebrovascular disease 946 (9.0%) 386 (8.8%) 560 (9.1%) 57

Chronic lung disease 805 (7.7%) 321 (7.3%) 484 (7.9%) 28
Clinical presentation

Asymptomatic 48 (0.6%) 165 (3.8%) 315 (5.1%) <.001

Stable angina 5001 (47.7%) 1763 (40.3%) 3238 (52.9%) <.001

Unstable angina 3605 (34.3%) 1435 (32.8%) 2170 (35.4%) .005

NSTEMI 1099 (10.5%) 748 (17.1%) 35 (15.7%) <.001

STEMI 292 (2.8%) 256 (5.9%) 36 (0.6%) <.001
Medications at admission

Aspirin 9056 (86.3%) 3743 (85.6%) 5313 (86.8%) .08

Statin 8233 (78.4%) 3288 (75.2%) 4945 (80.8%) <.001

B-Blockers 7732 (73.7%) 3154 (72.1%) 4578 (74.8%) .002
Medications at discharge

Aspirin 10,268 (97.8%) 4288 (98.1%) 5980 (97.7%) 0.19

Statin 10,495 (100.0%) 4373 (100.0%)* 6122 (100.0%)

Ezetimibe 243 (2.3%) 83 (1.9%) 160 (2.6%) 016

Niacin 13 (0.1%) 0 13 (0.2%) .002

B-Blockers 8844 (84.3%) 3799 (86.9%) 5045 (82.4%) <.001

Clopidogrel 7781 (74.1%) 3020 (69.1%) 4761 (77.8%) <.001

Dual antiplatelet therapy 10,161 (96.8%) 4241 (97.0%) 5920 (96.7%) 42

Oral anticoagulant 522 (0.5%) 215 (4.9%) 307 (5.0%) .82
ECG at admission

Bundle-branch block 1042 (9.9%) 389 (8.9%) 653 (10.7%) .003
Biological results at admission

Hemoglobin (g/dL) 1317 13.1+£1.8 13.21.7 11

Serum creatinine (mg/dL) 1.0[0.8-1.2] 1.0[0.8-1.2] 1.0[0.8-1.2] .008

Total cholesterol (mg/dL) 144.5 + 471 147.6 + 55 142.3+40.4 <.001

LDL-C (mg/dL) 80.2 + 34.1 83.3+37.8 78.1 £31.1 <.001

HDL-C (mg/dL) 412+127 40.6 +12.4 417 £129 .01

C-reactive protein (mg/dL) 2.00[0.8-5.1] 2.10[0.8-5.7] 1.90[0.8-4.7] <.001

Platelets (/mm?3) 206.7 £ 69.7 211.2+73.2 203.4 = 66.9 <.001
Procedural characteristics

Lesion length (mm) 28.7 +20.9 293+ 21 28.2 +20.8 .01

Chronic total occlusion 934 (8.9%) 418 (9.6%) 516 (8.4%) .045

Severe coronary calcification 834 (7.9%) 346 (7.9%) 488 (8.0%) 21

AHA/ACC class B2 or C lesion 7695 (73.3%) 3300 (75.5%) 4395 (71.8%) <.001

Stent length (mm) 32+19.7 329+198 31.5£19.7 <.001

Stent maximal diameter (mm) 3.1+0.5 3.1+0.5 3.1+0.5 <.001

Baseline characteristics were defined according fo the National Cardiovascular Data Registry criteria. Coronary artery calcification was assessed based on fluoroscopic appearance
on the diagnostic angiogram during the index procedure by consensus agreement of, at minimum, a senior interventional fellow and an experienced interventional cardiologist.

Results are presented as mean = SD or median [interquartile 25%-75%].

LVEF, left ventricular ejection fraction; CABG, coronary artery bypass graft; ECG, electrocardiogram.
*Including 116 patients discharged with simvastatin 80 mg.
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Figure 3
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Temporal evolution of statin infensity prescriptions following PCI.

Table Il. Multivariate analysis for determinants of high-intensity statin prescriptions

Variables Odds Ratio 95% Cl P value
Year of index procedure (vs 2011)
2012 0.89 0.77-1.02 .10
2013 1.02 0.88-1.18 .80
2014 1.93 1.65-2.25 <.001
2015 2.35 2.01-2.74 <.001
2016 3.10 2.48-3.88 <.001
Race and ethnicity (vs white)
Asian 0.75 0.66-0.85 <.001
African American 0.88 0.76-1.03 .10
Hispanic 1.06 0.94-1.19 35
Other races 0.85 0.73-0.99 .043
Clinical presentation (vs stable angina)
STEMI/NSTEMI 4.56 3.94-5.27 <.001
Unstable angina 1.30 1.18-1.43 <.001
History of MI 1.49 1.34-1.65 <.001
Co-prescription of B-blocker at discharge 1.27 1.12-1.43 <.001
Baseline LDL-C level (per 10-mg/dL increase) 1.02 1.00-1.03 .009
Stent length (per 10-mm increase) 1.03 1.01-1.05 .008
Age (per 5-y increase) 0.90 0.88-0.93 <.001
Already on statin at baseline 0.89 0.79-0.99 .036

characteristics, such as younger age, acute presentation,
and more extensive coronary artery disease (CAD), were
associated with the prescription of HIS at discharge. After
accounting for baseline imbalances, we observed no
significant differences in the 1l-year cumulative risk of

death, MI, or TVR among patients treated with versus
without HIS, although there was a trend for reduced
mortality in favor of HIS.

Our study is illustrative of the impact of the 2013 AHA/
ACC guideline recommendations on clinical practice
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Table IlI. Univariate analysis of 1-year clinical outcomes according fo statin prescriptions at discharge

High-intensity statins prescription

Non-high-intensity statins prescription

(n = 4373) (n=6122) P value
Death, M, or TVR 9.89% 9.18% 19
Death 1.72% 2.15% 26
MI 2.67% 1.88% 014
TVR 8.41% 7.65% 15
Data are shown as Kaplan-Meier estimate.
Figure 4
10 - 9.89%

Cumulative Incidence (%)
(4]

0 30 20

Number At Risk
High Intensity Statins 4373 3913 3283
Non-High Intensity Statins 6122 5494 4654

High Intensity Statins

Cumulative risk of death, Ml or TVR

Log-rank 0.19 9.18%

180 270 365
Time (days)

Non-High Intensity Statins

2957 2854 2479
4203 4035 3591

MI: myocardial infarction; TVR: target-vessel revascularization

Kaplan-Meier survival curve without event (death, MI, or TVR) according to the intensity of statin prescription.

with a clear stepwise increase in the rate of HIS
prescriptions between 2014 and 2016 compared with
2011-2013. These results are in line with a previous
report in patients discharged after MI.> Conversely, rates
of HIS prescriptions after 2013 were relatively high in
our population compared to the results reported by
Navar et al on patients with atherosclerotic cardiovascu-
lar disease.® This may be explained by further implemen-
tation of the 2013 AHA/ACC guidelines and by the fact
that CAD has been associated with increased use of
statins compared to other localization of atherosclerosis,
particularly peripheral vascular disease.>*® In the
present study, a statin treatment at baseline was an
independent risk factor of reduced HIS prescriptions.
Reluctance to change chronic lipid-lowering medication
by the patient, particularly in case of prior statin-

associated symptoms with higher dosages, or clinical
inertia by the physician even after an acute coronary
event may explain this association.'® However, as the
need for PCI represents an adverse evolution of
atherosclerosis, these patients could still benefit from
intensification of lipid-lowering treatment.'""”

Our study included a broad, ethnically diverse patient
population with associated discrepancies regarding HIS
prescriptions. Racial disparities surrounding the use of
statins for secondary prevention of CAD have been
previously described, with white race being associated
with increased rates of HIS prescriptions.'®*° Consistent-
ly, we found Asian ethnicity to be associated with
reduced prescriptions of HIS compared with white
patients. These results may be explained by socioeco-
nomic factors and/or issues with statin intolerance, the
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Table IV. Muliivariate analysis of deferminants of 1-year outcomes
Adjusted hazard ratio 95% Cl P value
Composite of death, MI, or TVR
High-intensity statins 0.98 0.84-1.15 81
Female sex 0.81 0.68-0.97 .02
Diabetes mellitus 1.34 1.14-1.59 <.001
History of Ml 1.51 1.29-1.78 <.001
Severe coronary calcification 1.65 1.30-2.09 <.001
STEMI/NSTEMI as indication of PCl 1.72 1.37-2.17 <.001
Unstable angina as indication of PCl 1.32 1.11-1.56 .001
C-reactive protein >2 mg at baseline 1.49 1.26-1.75 <.001
Hemoglobin at baseline (per 1-g/dL increase) 0.86 0.82-0.91 <.001
Death
High-intensity statins 0.71 0.50-1.00 .052
Diabetes mellitus 1.87 1.29-2.73 .001
History of chronic kidney disease 2.03 1.42-2.92 .0001
History of Ml 1.82 1.30-2.54 .0005
Severe coronary calcification 1.80 1.13-2.85 013
STEMI/NSTEMI as indication of PCl 1.85 1.17-2.90 .008
C-reactive protein >2 mg at baseline 4.37 2.77-6.89 <.001
Hemoglobin at baseline (per 1-g/dL increase) 0.81 0.73-0.89 <.001
Body mass index (per 1-kg/m? increase) 0.96 0.94-0.99 012
MI
High-intensity statins 1.12 0.81-1.54 49
Diabetes mellitus 1.85 1.30-2.62 <.001
History of Ml 1.64 1.19-2.27 .003
STEMI/NSTEMI as indication of PC 3.66 2.41-5.55 <.001
Unstable angina as indication of PCl 1.48 1.02-2.16 .04
C-reactive protein >2 mg at baseline 1.89 1.31-2.73 <.001
Hemoglobin at baseline (per 1-g/dL increase) 0.79 0.73-0.87 <.001
TVR
High-intensity statins 1.06 0.89-1.26 51
Diabetes mellitus 1.27 1.06-1.52 .01
History of Ml 1.29 1.07-1.55 .007
Severe coronary calcification 1.42 1.07-1.88 .02
STEMI/NSTEMI as indication of PCI 1.37 1.03-1.81 .029
Unstable angina as indication of PCI 1.46 1.22-1.75 <.001
Hemoglobin at baseline (per 1-g/dL increase) 0.94 0.89-0.99 .03
Older age (per 1-y increase) 0.99 0.98-1.00 .007

latter being particularly prevalent among Asian patients.>'
In particular, an adjustment of the dose of rosuvastatin is
recommended by the federal Food and Drug Administra-
tion in Asian patients, as it may come with a nearly 2-fold
increase in exposure time compared to white patients.22
Interestingly, we showed that patients who could not be
categorized as African American, Hispanic, Asian, or
Caucasian were undertreated in term in statins intensity
after PCI. In the present studies, African American and
Hispanic ethnicities were not significantly associated with
reduced HIS statins prescription compared to white
patients. These results differ from recent studies which
described undertreatment regarding statin intensity with
these patients. '**® Finally, sex was not an independent risk
factor of statin prescriptions in the present analysis,
although sex-based differences as they relate to the
prescription of statins for secondary prevention have
been recently described.**>*

Overall, we found that HIS prescriptions were highly
correlated with the risk profile of patients. History of MI,

acute coronary syndrome as the clinical presentation for
the index PCI, increased stent length, and higher baseline
LDL-C have been commonly described as risk factors for
ischemic recurrence following PCI and were associated
with increased HIS prescriptions.*”*° We observed a
higher risk of MI within 1 year of PCI among patients
discharged with HIS in univariate analysis, probably
reflecting the increased risk profile of these patients. This
association was no longer significant after adjusting for
baseline and procedural characteristics, although we found
a trend toward reduced mortality with HIS prescription.
Our study was not without limitations. First, our
observational study design precludes us from making any
causal inferences. Second, this was a single-center study,
and our results may not be generalizable to patients
undergoing PCI at other centers. Nonetheless, we
attempted to mitigate this limitation by including a large
number of patients in our study. Third, LDL-C values at
baseline were lower in the present study than in previous
randomized control trials,'"'**' which might be explained
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by the large overall prevalence of statin prescriptions at
baseline in our study (78.4%). Hence, HIS prescriptions
might have resulted in a relatively modest LDL-C decrease
post-PCIL. As a result, the present study may have been
underpowered to demonstrate the benefits of HIS pre-
scriptions in these patients. Moreover, the follow-up
duration of 1 year in the present study may have been
too short to evaluate the longerterm effects of high-
intensity statins to become evident. The intensity of statin
therapy before PCI, any prior intolerance to statins, or the
types of insurance coverage, which may have a confound-
ing effect on a patient's likelihood of being discharged on a
high-intensity statin, were not available. Although the Food
and Drug Administration recommended against the
initiation or the titration of simvastatin 80 mg, we included
the 116 patients discharged with such dosage in the
analysis, as it was previously evaluated in randomized trial
as an HIS. Finally, we did not include patients older than 75
years, as the level of evidence supporting the use of high-
intensity statins in this population is less clear."**

Conclusion

Although HIS prescriptions following PCI have in-
creased among patients aged <75 years since the
introduction of the 2013 AHA/ACC guideline, 40% of
patients continue to receive low- or moderate-intensity
statins following PCI. Targeting independent predictors of
limited HIS prescriptions may improve practices accord-
ing to 2013 AHA/ACC guidelines and most importantly
patient outcomes.
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