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Statin Eligibility and Outpatient Care Prior to ST-Segment Elevation
Myocardial Infarction
Michael D. Miedema, MD, MPH; Ross F. Garberich, MS; Lucas J. Schnaidt; Erin Peterson; Craig Strauss, MD; Scott Sharkey, MD; Thomas
Knickelbine, MD; Marc C. Newell, MD; Timothy D. Henry, MD

Background-—The impact of the 2013 American College of Cardiology/American Heart Association cholesterol guidelines on
statin eligibility in individuals otherwise destined to experience cardiovascular disease (CVD) events is unclear.
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Methods and Results-—We analyzed a prospective cohort of consecutive ST-segment elevation myocardial infarction (STEMI)
patients from a regional STEMI system with data on patient demographics, low-density lipoprotein cholesterol levels, CVD risk
factors, medication use, and outpatient visits over the 2 years prior to STEMI. We determined pre-STEMI eligibility according to
American College of Cardiology/American Heart Association guidelines and the prior Third Report of the Adult Treatment
Panel guidelines. Our sample included 1062 patients with a mean age of 63.7 (13.0) years (72.5% male), and 761 (71.7%) did not
have known CVD prior to STEMI. Only 62.5% and 19.3% of individuals with and without prior CVD were taking a statin before
STEMI, respectively. In individuals not taking a statin, median (interquartile range) low-density lipoprotein cholesterol levels in
those with and without known CVD were low (108 [83, 138] mg/dL and 110 [87, 133] mg/dL). For individuals not taking a statin,
only 38.7% were statin eligible by ATP III guidelines. Conversely, 79.0% would have been statin eligible according to American
College of Cardiology/American Heart Association guidelines. Less than half of individuals with (49.2%) and without (41.1%) prior
CVD had seen a primary care provider during the 2 years prior to STEMI.
Conclusions-—In a large cohort of STEMI patients, application of American College of Cardiology/American Heart Association
guidelines more than doubled pre-STEMI statin eligibility compared with Third Report of the Adult Treatment Panel guidelines.
However, access to and utilization of health care, a necessity for guideline implementation, was suboptimal prior to STEMI. ( J Am
Heart Assoc. 2017;6:e005333. DOI: 10.1161/JAHA.116.005333.)
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A

pproximately one third of myocardial infarctions (MIs)
present as ST-segment elevation MI (STEMI).1 STEMI is a
cardiovascular emergency, frequently complicated by
cardiogenic shock or cardiac arrest, and thus emergent
percutaneous coronary intervention is the standard of care. It
remains one of the most costly and morbid presentations of
cardiovascular disease (CVD) and therefore prevention of
STEMI is of utmost importance. Although the incidence of
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STEMI in the United States has been declining over the past 3
decades, it remains a common CVD event.1,2 This decline
has largely been attributed to declining rates of tobacco
use and improved control of traditional cardiovascular
risk factors, including low-density lipoprotein cholesterol
(LDL-C).3–5
Total cholesterol and LDL-C levels declined in the United
States from 1988 to 2010 in individuals both taking and not
taking lipid-lowering medications.6 Statin therapy remains the
mainstay of the treatment of elevated cholesterol and has
been shown to substantially lower the risk of MI in both
primary and secondary prevention.7–10 This beneﬁt has been
largely independent of baseline LDL-C, including in individuals
with a baseline LDL-C <100 mg/dL.10 Additionally, prior data
have shown that LDL-C, although a clear CVD risk factor, does
not improve discrimination for future CVD events when added
to age and other traditional risk factors.11 Therefore, relying
on absolute risk to determine statin eligibility may substantially increase eligibility in patients otherwise destined to
develop STEMI. In contrast to the prior Third Report of the
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Methods
Study Design and Patients
The Minneapolis Heart Institute Level 1 MI program is a
regional transfer system using a standardized protocol
designed to improve time to treatment and clinical outcomes
in patients with STEMI presenting directly to the percutaneous
coronary intervention center as well as community hospitals
without percutaneous coronary intervention capability. The
system was established in 2003, and its design and results
have been previously published.15–17 Standardized protocols
and predetermined transfer plans are implemented for each
site. Patients are enrolled in a comprehensive, prospective
database and followed for 5 years. Inclusion criteria for the
prospective registry are ECG ﬁndings consistent with STEMI
or new left bundle branch block in patients with chest pain of
<24 hours’ duration. There are no exclusions; thus, the
registry includes patients of all ages as well as those with outof-hospital cardiac arrest and cardiogenic shock. The study
was funded by the Minneapolis Heart Institute Research
Foundation, Minneapolis, Minnesota. No extramural funding
was used to support this work. Institutional review board
approval was obtained for data collection, follow-up, and data
analysis.
From January 1, 2011, until December 31, 2014, there
were 1476 consecutive patients with STEMI enrolled in the
database. We excluded 226 without a clear culprit artery, 116
who did not have a lipid panel on admission, 69 who did not
have percutaneous coronary intervention performed, 2 who
we could not identify whether a history of CVD was present,
and 1 patient who was missing admission medication data,
leaving 1062 STEMI patients in the ﬁnal sample.
DOI: 10.1161/JAHA.116.005333

Patient Demographics, Pre–ST-Segment Elevation
Myocardial Infarction Medication Use, and
Utilization of Care
The Level 1 MI program occurs within the parameters of a
healthcare system (Allina Health) with a uniﬁed electronic
health record (EHR). Age, sex, race, height, weight, systolic
blood pressure (SBP), family history of CVD, and history of
tobacco use were recorded using data from the patient’s EHR.
BMI was calculated as the weight in kilometers divided by the
height in meters squared. Total cholesterol, high-density
lipoprotein cholesterol, triglycerides, and a calculated LDL-C
were obtained from a fasting lipid panel drawn the day of or
morning after admission, which is part of the standardized
STEMI admission order set.
A prior diagnosis of CVD; diagnoses of hypertension,
dyslipidemia, or diabetes mellitus; and a family history of CVD
were recorded from the patient’s active medical problems
listed in the EHR as well as by reviewing the history and
physical examination by the admitting physician at the time of
the STEMI. Preadmission medications were recorded from the
EHR and conﬁrmed by review of the medication reconciliation
note recorded by the registered nurse at the time of
admission. For the medication reconciliation note documented
by the admitting registered nurse, each nurse is expected to
verify the medication list in the EHR with the patient or the
patient’s outpatient medication list. If the medication list
cannot be veriﬁed by those means, the patient’s primary care
physician or pharmacy is contacted to verify the patient’s
medications. We speciﬁcally recorded the preadmission use of
aspirin (any dose), antiplatelet medications (clopidogrel,
prasugrel, ticagrelor), statin medications (20–40 mg/d of
rosuvastatin and 40–80 mg/d of atorvastatin were considered
high-intensity statins), and antihypertensive medications (calcium channel blockers, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, b-blockers, and diuretics).
We also recorded the presence of any documented clinical
encounters in the 2 years before the individual’s STEMI. Encounters were classiﬁed as primary care if the visit was to a provider in
the ﬁeld of internal medicine, family practice, or obstetrics/
gynecology. Encounters with cardiovascular medicine providers
were also recorded. Encounters with other subspecialists (eg,
urologists and dermatologists) were not included. When available,
blood pressure recordings from outpatient clinic visits were
documented for use in risk calculation.

Indications for Statin Therapy and Calculation of
10-Year Cardiovascular Disease Risk
Indications for statin therapy pre-STEMI were analyzed
according to ATP III guidelines,12 which were the relevant
cholesterol guidelines in the United States for the majority of
Journal of the American Heart Association
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Adult Treatment Panel (ATP III) guidelines for the treatment of
cholesterol that relied heavily on LDL-C levels,12 the 2013
American College of Cardiology (ACC)/American Heart Association (AHA) cholesterol guidelines have endorsed a strategy
recommending statin allocation largely based on absolute
CVD risk.13
We previously reported that use of preventive CVD
medications prior to STEMI was low, with only 7.8% of
individuals taking aspirin and a statin before their event.14 In
this analysis, our aim was to contrast the rates of pre-STEMI
statin eligibility according to ACC/AHA guidelines compared
with the prior ATP III guidelines in a contemporary, prospective cohort of STEMI patients. Implementation of either
guideline to a given population requires access to and
utilization of preventive health care, so we also analyzed the
frequency of visits to both primary care providers as well as
cardiovascular medicine providers in the 2 years prior to
STEMI.
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Statistical Analysis and Assessment of
Pre–ST-Segment Elevation Myocardial Infarction
Statin Eligibility
Baseline characteristics were analyzed after stratiﬁcation by
CVD status prior to STEMI. Descriptive statistics are displayed
as mean (SD) for continuous variables, and as number
(percentage) for categorical variables. When continuous
variables had a skewed distribution, median (25th, 75th
percentiles) were reported. Categorical variables were analyzed using Pearson’s chi-square or Fisher’s exact tests.
Continuous variables were analyzed using Student t test for
DOI: 10.1161/JAHA.116.005333

normally distributed variables or Kruskal–Wallis tests for
continuous variables with a non-normal distribution. Preadmission medication use and lipid levels were also analyzed
stratiﬁed by CVD status. We then assessed pre-STEMI statin
eligibility in 2 ways. First, we analyzed eligibility by both ATP III
and ACC/AHA guidelines in individuals who were not taking
statin therapy before their event (the majority of the sample).
Second, we calculated pre-STEMI statin eligibility for the
entire sample with estimation of off-treatment lipid values in
those taking statin therapy by assuming a 30% increase in
LDL-C for the ATP III guidelines and a 20% increase in total
cholesterol and no change in high-density lipoprotein cholesterol for the ACC/AHA guidelines.
We also performed a prespeciﬁed sex analysis comparing
pre-STEMI statin eligibility according to sex in individuals not
taking statin therapy prior to STEMI. Additionally, a sensitivity
analysis was performed assuming a low (115/60 mm Hg) and
elevated (150/90 mm Hg) SBP for individuals with missing
blood pressure data. Finally, we calculated the prevalence of
access to and utilization of both primary care and cardiovascular medicine in the 2 years prior to STEMI in those with and
without known CVD. All statistical calculations were performed in Stata 14.1 (StataCorp LP, College Station, TX).

Results
Baseline Demographics and Pre–ST-Segment
Elevation Myocardial Infarction Cardiovascular
Disease Medication Use
The baseline characteristics of the 1062 STEMI patients are
shown in Table 1 stratiﬁed by a diagnosis of CVD prior to
STEMI. The majority (71.7%) of STEMI patients did not have
known CVD prior to STEMI. Rates of current smoking were
high in those without and with prior CVD (36.8% and 25.6%,
respectively). Compared with those without known CVD,
STEMI patients with prior CVD were more likely to have a
diagnosis of hypertension (79.7% versus 49.7%) and dyslipidemia (87.3% versus 41.0%) prior to STEMI (P<0.001 of both).
The prevalence of preventive medication utilization prior to
STEMI in those without known CVD was low, with 27.9%
prescribed aspirin and only 19.3% a statin. On average, LDL-C
levels in STEMI patients without prior CVD were not signiﬁcantly elevated regardless of the use of statin therapy (median
LDL-C 83 [67, 111] mg/dL in those taking statin therapy and
110 [87, 133] mg/dL in those not taking statin therapy). In
individuals with known CVD prior to STEMI, the utilization of
preventive medications was higher but suboptimal (75.9%
reporting use of aspirin, 75.4% an antihypertensive, and 62.5% a
statin). In individuals with prior CVD, the median LDL-C was 108
[83, 138] mg/dL in those not taking a statin and 77 [59, 98]
mg/dL in those taking a statin.
Journal of the American Heart Association
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our analysis period, and 2013 ACC/AHA guidelines.13 ATP III
guidelines deﬁned thresholds for control of hyperlipidemia,
with an LDL-C goal of <100 mg/dL for individuals with known
coronary heart disease, other CVD, diabetes mellitus, or a 10year coronary heart disease risk of >20% according to the
Framingham Risk Score; an LDL-C goal of <130 mg/dL for
individuals with 2 or more major CVD risk factors; and an
LDL-C goal of <160 mg/dL in individuals with 0 or 1 risk
factor. LDL-C levels were used from fasting lipid levels
obtained on admission at the time of STEMI.
The ACC/AHA guidelines include 4 major indications for
statin therapy: (1) a diagnosis of clinical CVD (acute coronary
syndromes, history of MI, stable angina, coronary or other
arterial revascularization, stroke, transient ischemic attack, or
peripheral arterial disease of atherosclerotic origin); (2) a
diagnosis of diabetes mellitus; (3) an LDL-C >190 mg/dL; and
(4) an estimated 10-year CVD risk >7.5% according to the
Pooled Cohort Equations calculator. For individuals meeting 1
of these 4 criteria, a moderate- to high-intensity statin is a
class I recommendation for individuals younger than
75 years. For individuals with a 10-year CVD risk 5% to
7.5%, a moderate-intensity statin can be considered (class IIa
recommendation). Individuals with a 10-year CVD risk <5% are
recommended to not receive pharmacological treatment to
lower their cholesterol.
For individuals without known CVD, diabetes mellitus, or an
LDL-C >190 mg/dL, we calculated the 10-year CVD risk
according to the Pooled Equations calculator.13 We used EHR
data at the time of STEMI for age, sex, race, total cholesterol,
high-density lipoprotein cholesterol, history of antihypertensive treatment, and diabetes mellitus. Given the instability of
blood pressure in the setting of STEMI, we did not use the SBP
at the time of admission. Instead, we used the SBP from the
most recent ambulatory visit to a primary care provider or
cardiovascular medicine provider in the prior 2 years. For
individuals missing data on SBP (n=354), we imputed SBP
using the median SBP from individuals with known data on
SBP stratiﬁed into 3 categories, no history of hypertension,
treated hypertension, and untreated hypertension.
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Characteristic

No Prior
CVD (n=761)

Prior
CVD (n=301)

P Value

Age, y

62.513.0

66.812.6

<0.001

Men, No. (%)

541 (71.1)

229 (76.1)

0.10

White

699 (91.9)

285 (94.7)

0.61

Black

18 (2.4)

4 (1.3)

Asian

6 (0.8)

2 (0.7)

Hispanic

7 (0.9)

2 (0.7)

Other/not listed

31 (4.1)

8 (2.7)

29.66.1

29.25.7

0.28

Current smoker

280 (36.8)

77 (25.6)

<0.001

Former smoker

188 (24.7)

120 (39.9)

Never smoker

Race, No. (%)

BMI, kg/m2
Smoking, %
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293 (38.5)

120 (39.9)

Hypertension, No. (%)

378 (49.7)

239 (79.4)

<0.001

Dyslipidemia, No. (%)

311 (40.9)

262 (87.0)

<0.001

Diabetes mellitus, No. (%)

127 (16.7)

82 (27.2)

<0.001

Family history of CHD, No. (%)

276 (36.3)

108 (35.9)

0.99

Aspirin

210 (27.6)

224 (74.4)

<0.001

Other antiplatelet*

2 (0.3)

69 (22.9)

<0.001

Dual antiplatelet

0 (0)

59 (19.6)

<0.001

Any antihypertensive

276 (36.3)

227 (75.4)

<0.001

Medication, No. (%)

ACEI/ARB

154 (20.2)

136 (45.2)

<0.001

b-Blocker

110 (14.5)

176 (58.5)

<0.001

CCB

65 (8.5)

39 (13.0)

0.026

Diuretic

111 (14.6)

33 (11.0)

0.13

Statin

147 (19.3)

188 (62.5)

<0.001

High-intensity statin

17 (2.2)

55 (18.3)

<0.001

Lipid Levels

No Statin (n=614)

Taking Statin (n=147)

No Statin (n=113)

Taking Statin (n=188)

Total cholesterol, mg/dL

175 (147, 200)

150 (130, 177)

173 (142, 201)

140 (121, 164)

HDL-C, mg/dL

36 (31, 43)

37 (32, 43)

34 (29, 41)

36 (30, 42)

Triglycerides, mg/dL

122 (88, 166)

114 (83, 148)

127 (91, 170)

118 (88, 163)

LDL-C, mg/dL

110 (87, 133)

83 (67, 111)

108 (83, 138)

77 (59, 98)

wACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; CHD, coronary heart disease; CVD, cardiovascular disease; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; STEMI, ST-segment elevation myocardial infarction. Lipid Values are presented as median (interquartile range).
*Other antiplatelet agents include clopidogrel, prasugrel, and ticagrelor.

Pre–ST-Segment Elevation Myocardial Infarction
Statin Eligibility
The prevalence of statin eligibility prior to STEMI according to
ATP III guidelines in our sample is shown in Table 2. In
individuals who were not taking statin therapy prior to STEMI,
DOI: 10.1161/JAHA.116.005333

38.7% had LDL-C levels that were not at goal by ATP III
guidelines and were therefore statin eligible. Estimating offtreatment lipids levels (assuming a 30% increase in LDL-C) for
those taking statin therapy and including them in the analysis
resulted in minimal change in the prevalence of statin
eligibility by ATP III guidelines (42.0% were statin eligible).
Journal of the American Heart Association
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Table 1. Baseline Characteristics, Prescribed Preadmission Medications, and Lipid Levels of 1062 STEMI Patients Stratiﬁed by the
Presence of Previously Diagnosed CVD
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Table 2. Pre-STEMI Statin Eligibility According to ATP III Cholesterol Guidelines
APT III CHD Risk Categories
0 or 1 Risk Factor

2 Risk Factors

CHD Risk >20%

Diabetes Mellitus

Prevalent CHD

Total

727 STEMI patients not taking statin therapy prior to STEMI
LDL-C goal

<160 mg/dL

<130 mg/dL

<100 mg/dL

<100 mg/dL

<100 mg/dL

No.

65

380

90

79

113

727

Age, y

56.913.8

60.312.6

68.110.8

68.012.9

65.713.4

62.613.2

Women, No. (%)

29 (44.6)

103 (27.1)

4 (4.4)

34 (43.0)

25 (22.1)

195 (26.8)

LDL-C, mg/dL

109 (86, 137)

108 (87, 130)

124 (106, 145)

95 (72, 118)

108 (83, 138)

109 (86, 134)

Statin eligible, No. (%)

5 (7.7)

96 (25.3)

75 (83.3)

37 (46.8)

68 (60.2)

281 (38.7)

1062 STEMI patients—estimating off-treatment LDL-C levels for those taking statins*
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LDL-C goal

<160 mg/dL

<130 mg/dL

<100 mg/dL

<100 mg/dL

<100 mg/dL

No.

69

454

111

127

301

1062

Age, y

58.014.1

60.712.6

67.710.9

67.012.9

66.812.5

63.713.0

Women, No. (%)

30 (43.5)

132 (29.1)

4 (3.6)

54 (42.5)

72 (23.9)

292 (27.5)

LDL-C, mg/dL

107 (86, 136)

109 (87, 133)

126 (106, 149)

99 (74, 121)

104 (78, 130)

108 (85, 134)

Statin eligible, %

5 (7.3)

124 (27.3)

91 (82.0)

63 (49.6)

163 (54.2)

446 (42.0)

ATP III indicates Third Report of the Adult Treatment Panel; CHD, coronary heart disease.
*For patients taking statin therapy prior to ST-segment elevation myocardial infarction (STEMI), a 30% increase in low-density lipoprotein cholesterol (LDL-C) was assumed. LDL-C levels
are presented as median (interquartile range).

The prevalence of statin eligibility by ACC/AHA guidelines
prior to STEMI is shown in Table 3. Application of ACC/AHA
guidelines to those not taking statin therapy resulted in 79.0%
being statin eligible prior to STEMI. Including those taking
statin therapy and estimating off-treatment cholesterol levels

(assuming a 20% increase in total cholesterol and no change
in high-density lipoprotein cholesterol) resulted in 84.0% being
statin eligible.
In an analysis by sex, there was no statistically signiﬁcant
difference in the prevalence of pre-STEMI statin eligibility

Table 3. Pre-STEMI Statin Eligibility According to ACC/AHA Cholesterol Guidelines
ACC/AHA Statin Eligibility Categories
Clinical CVD

Diabetes Mellitus

LDL-C >190 mg/dL

CVD Risk >7.5%

All 4 Statin-Eligible Groups

CVD Risk 5% to 7.5%

CVD Risk <5%

727 STEMI patients not taking statin therapy
No.

124

74

6

370

574 (79.0%)

69

84

Age, y

66.113.3

67.713.1

61.014.5

65.711.6

66.012.2

53.26.7

47.27.7

Women,
No. (%)

29 (23.4)

32 (43.2)

2 (33.3)

80 (21.6)

143 (24.9)

15 (21.7)

37 (44.1)

LDL-C,
mg/dL

106 (83, 134)

96 (72, 118)

202 (196, 206)

112 (89, 134)

110 (86, 133)

111 (90, 135)

108 (86, 128)

1062 STEMI patients—estimating off-treatment lipid levels for those taking statins*
N

320

119

11

442

892 (84.0%)

79

91

Age, y

67.012.6

66.812.9

57.113.0

65.911.6

66.312.2

53.56.6

47.47.5

Women,
No. (%)

80 (25.0)

51 (42.9)

2 (18.2)

101 (22.9)

234 (26.2)

17 (21.5)

41 (45.1)

LDL-C,
mg/dL

104 (78, 130)

99 (75, 121)

200 (196, 211)

111 (90, 134)

108 (84, 133)

108 (88, 135)

109 (86, 140)

The numbers in the categories of clinical cardiovascular disease (CVD), diabetes mellitus, low-density lipoprotein cholesterol (LDL-C) >190 mg/dL, and 10-year CVD risk >7.5% were considered
successively from left to right. These categories are class 1 indications for statin therapy. Individuals with a 10-year CVD risk of 5% to 7.5% can consider moderate-intensity statin therapy.
Individuals with a 10-year CVD risk <5% are not recommended to take a statin. To estimate the off-treatment total cholesterol used to determine CVD risk, we assumed a 20% increase in total
cholesterol for individuals taking statin therapy. ACC/AHA indicates American College of Cardiology/American Heart Association. LDL-C levels are presented as median (interquartile range).
*For patients taking statin therapy prior to ST-segment elevation myocardial infarction (STEMI), a 30% increase in LDL-C was assumed.
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Table 4. Characteristics of the 91 Patients Without CVD,
Diabetes Mellitus, or LDL-C >190 mg/dL Who Were at Low
CVD Risk and Therefore Not Statin Eligible Compared With the
442 Who Were Eligible for Statin Therapy According to ACC/
AHA Guidelines Prior to STEMI
Characteristic

CVD Risk <5%

CVD Risk >7.5%

P Value

Patients, No.

91

442



Age, y

47.47.5

65.911.6

<0.001

Women, No. (%)

41 (45.1)

101 (22.9)

<0.001

BMI, kg/m2

30.87.3

29.15.6

0.016

Current smoker

23 (25.3)

187 (42.3)

Former smoker

25 (27.5)

107 (24.2)

Never smoker

Smoking, No. (%)

0.007

43 (47.3)

148 (33.5)

Hypertension

23 (25.6)

232 (52.5)

<0.001

Dyslipidemia

23 (25.8)

174 (39.4)

0.016

Family history of
CHD, No. (%)

36 (42.4)

163 (42.6)

0.97

Total cholesterol,
mg/dL

174 (145, 206)

176 (151, 200)

0.91

HDL-C, mg/dL

38 (33, 43)

36 (31, 42)

0.030

Triglycerides, mg/dL

111 (81, 145)

117 (87, 162)

0.33

LDL-C, mg/dL

109 (86, 140)

111 (90, 134)

0.81

ACC/AHA indicates American College of Cardiology/American Heart Association; CHD,
coronary heart disease; CVD, cardiovascular disease; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; STEMI, ST-segment elevation
myocardial infarction. Lipid values are presented as median (interquartile range).

DOI: 10.1161/JAHA.116.005333

Access to and Utilization of Outpatient Care Prior
to ST-Segment Elevation Myocardial Infarction
Of the 761 patients without known CVD, 265 (34.8%) had
seen a primary care provider in the 2 years prior to their
STEMI and only 24 (3.2%) had seen a cardiovascular provider.
Of the 301 patients with known CVD prior to STEMI, 146
(48.5%) had seen a primary care provider and 114 (37.9%) had
seen a cardiovascular provider. The median lipid levels,
prevalence of utilization of health care in the 2 years prior to
STEMI, and prevalence of statin eligibility according to ATP III
guidelines and ACC/AHA guidelines is shown in the Figure.

Discussion
In a large prospective cohort of STEMI patients, we found that
LDL-C levels were not signiﬁcantly elevated prior to STEMI in the
majority of individuals, with a median LDL-C of 110 mg/dL in
individuals not taking statin therapy without known prior CVD
prior to STEMI. Compared with the ATP III guidelines, application of the ACC/AHA guidelines more than doubled statin
eligibility prior to STEMI (38.7% versus 79.0%). Our results
suggest that implementation of the ACC/AHA guidelines may
result in a substantial increase in statin usage in individuals
otherwise destined to experience STEMI. However, we also
found that access to and utilization of health care, a necessity
for guideline implementation, was suboptimal prior to STEMI,
with less than half of those with and without prior CVD seeing a
primary care provider over the 2 years prior to STEMI.

Impact of ACC/AHA Cholesterol Guidelines on
Statin Eligibility
The ACC/AHA guidelines for the treatment of blood cholesterol
represent a signiﬁcant paradigm shift from the prior ATP III
guidelines, focusing on absolute CVD risk as the main
determinant of eligibility as opposed to LDL-C levels. One of
the main goals of the ACC/AHA guidelines was to allocate statin
therapy to those most likely to beneﬁt, and our data provide
support for that concept. Initial research on the ACC/AHA
guidelines has largely focused on its impact on statin eligibility
for the general US adult population.18–20 An analysis of US
National Health and Nutrition Examination Survey data evaluated statin eligibility in the estimated 115.4 million US adults
aged 40 to 75 years. The study concluded that implementation
of the ACC/AHA guidelines would lead to an 30% increase in
statin eligibility in the general adult population (an additional
12.8 million US adults), largely due to an increase in eligible
adults older than 60 years without CVD.18 While the ACC/AHA
guidelines result in an increase in statin eligibility in the general
population, our results suggest that they result in a much
greater increase in eligibility in individuals most likely to beneﬁt,
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according to ATP III guidelines. Of the 727 patients not taking
statin therapy prior to STEMI, 195 were women, of which 67
(34.4%) would have been eligible pre-STEMI compared with
214 (40.2%) of the 532 men (P=0.15). In contrast, the
prevalence of statin eligibility was higher in men according to
the ACC/AHA guidelines, with 143 (73.3%) of the 195 women
statin eligible prior to STEMI compared with 431 (81.0%) of
the 532 men (P=0.02).
Sensitivity analysis assuming a range of SBPs for STEMI
patients without SBP data did not signiﬁcantly alter the rate of
statin eligibility. Compared with 84.0% being eligible based on
imputed SPB, assuming an SBP of 115 mm Hg for all patients
with missing data resulted in 82.6% being statin eligible
according to ACC/AHA guidelines while assuming an SBP of
150 mm Hg resulted in 88.0% being statin eligible.
Table 4 shows the characteristics of the 8.6% of patients in
our sample at low 10-year CVD risk (<5%) who were not statin
eligible prior to STEMI compared with patients with a CVD risk
>7.5%. Individuals presumed to be at low CVD risk who
experienced STEMI were signiﬁcantly younger and more likely
to be female and were less likely to smoke or have previously
diagnosed hypertension. Lipid levels were similar between the
2 groups.
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Figure. Lipid values (A), the prevalence of access to and utilization of primary and cardiovascular disease (CVD) outpatient care in the 2 years
prior to ST-segment elevation myocardial infarction (STEMI) in 1064 STEMI patients (B), and pre-STEMI statin eligibility (C) according to the prior
Third Report of the Adult Treatment Panel (ATP III) cholesterol guidelines and the current American College of Cardiology/American Heart
Association (ACC/AHA) cholesterol guidelines in 727 patients not taking statin therapy prior to STEMI. HDL indicates high-density lipoprotein;
LDL, low-density lipoprotein.
as eligibility in our STEMI population increased 100% with
application of the ACC/AHA guidelines.

Absolute Cardiovascular Disease Risk is a Better
Predictor of Beneﬁt From Statin Therapy Than
Low-Density Lipoprotein Cholesterol
The release of the ACC/AHA guidelines has been accompanied by some controversy, mostly related to the nearuniversal eligibility of older individuals (65 to 75 years) and
the accuracy of the Pooled Cohort Equations Calculator.19,21
However, this controversy should not draw attention away
from the signiﬁcant limitations associated with determining
statin eligibility largely based on LDL-C levels. For individuals
in our study with known CVD who were not taking statin
therapy prior to STEMI, over half had LDL-C levels <100 mg/
DOI: 10.1161/JAHA.116.005333

dL. Given their known CVD, this group is clearly at elevated
risk and therefore likely to beneﬁt from statin therapy despite
low LDL-C levels. Data from randomized trials of statin
therapy have been consistent in showing that the relative risk
reduction with statin therapy is independent of baseline LDL-C
levels. Additionally, for STEMI patients without known CVD
(>70% of our sample), LDL-C levels were not signiﬁcantly
elevated, although these individuals were often at elevated
absolute risk due to age and other CVD risk factors.

Guidelines Cannot be Implemented Without
Access to and Utilization of Preventive Health
Care
Implementation of any guideline requires a patient-provider
interaction. Our data suggest that access to and utilization of
Journal of the American Heart Association
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Strengths and Limitations
Our study has strengths and limitations. Its strengths include
a large prospective cohort of STEMI patients from a large
regional STEMI system and detailed chart review and
utilization of EHR data to provide accurate information on
demographics, CVD risk factors, and lipid values. A possible
concern that could be raised is that lipid values may not be
accurate in the setting of STEMI. However, recent data from
the Limiting Undertreatment of Lipids in Acute Coronary
Syndrome with Rosuvastatin (LUNAR) trial25 demonstrated
that lipid values are stable and unchanged from baseline in
the ﬁrst 72 to 96 hours after an acute coronary syndrome,
and fasting lipid panels were drawn within 24 hours of
admission for our cohort. Additionally, a recent analysis from
the National Registry of Myocardial Infarction (NRMI)
database evaluating the association of LDL-C level with
mortality found similar levels of LDL-C in individuals experiencing myocardial infarction with a mean LDL-C of 104 (38)
mg/dL.26
Our data were taken from a single regional STEMI system
and therefore the prevalence of CVD, diabetes mellitus, and
other determinants of statin eligibility may not be generalizable to other populations. Over half of the individuals in our
cohort did not have a primary care visit in the 2 years prior to
STEMI and therefore we had to estimate SBP in individuals
without CVD, diabetes mellitus, or an LDL-C >190 mg/dL for
use in CVD risk estimation. However, sensitivity analysis using
a wide range of SBP showed minimal change in statin
eligibility for the total sample. We were not able to measure
compliance or adherence to preventive medications prior to
STEMI and a history of statin intolerance or adverse reaction
to preventive medications was not evaluated. The presence of
CVD risk factors was determined from the active medical
problems list from EHR data on admission as opposed to
DOI: 10.1161/JAHA.116.005333

direct measurement. Finally, access to and utilization of
health care prior to STEMI was only assessed for the single
healthcare system. Despite a healthcare system with multiple
hospitals and clinics and a uniﬁed EHR, patients may have
been receiving health care from outside the system prior to
STEMI. However, as movement continues towards valuebased, accountable health care, the prevalence of prior care
within a given system is very relevant as future systems of
care aimed at prevention of CVD are designed.

Conclusions
In a contemporary cohort of STEMI patients, we found that the
2013 ACC/AHA guidelines, compared with the prior ATP III
cholesterol guidelines, substantially increase statin eligibility
in individuals otherwise destined to experience STEMI.
However, improvements in access to and utilization of
preventive health care will be required to realize the full
potential of these guidelines.
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